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ABSTRACT
Cerebral Lateralization and its Relation to
Academic Variables in a Community
College Popul ation
(September 1981)
Kendall S, Way, A.B., A.M,, Dartmouth College
Directed by: Dr. Richard D, Konicek
This study deals with the three assigned independent variables of
handedness, sex and handwriting posture in a population of 1541 students
entering North Shore and Bunker Hill Community Colleges in the Fall of
1980.
The dependent variables are: a comparison handedness/sex dis-
tribution obtained from Duke University undergraduates, program of study
choice, academic placement test scores, and preference rankings for
separate learning styles.
Findings of previous researchers indicate that each of these
variables has the potential for influencing learning and learning en-
vironments. This is the first study which attempts to evaluate their
possible complex interactions.
Four hypotheses were checked against the data which classified
subjects as being right, mixed or left-handed using the same question-
naire employed at Duke University:
1. Overall, there were no significant differences in the hand-
edness categories found at Duke University and those found at the
VI
community colleges. However, when the data were blocked for sex, the
community college males had a significant over-representation of mixed-
handedness (weak lateralization), A further comparison revealed that
this disproportionateness only obtained at the higher minority student,
inner-city college and not at the more Caucasian, middle-class, suburban
col 1 ege.
2, In the four commonly shared programs of study between the com-
munity colleges (transfer, business, health and service) no significant
relationships occurred among the handedness categories. The data did,
however, show a trend towards a higher than expected incidence of
mixed-handers electing technology programs at North Shore Community
College; and for non-dextrals (mixed and left-handers) in the graphic
arts programs at Bunker Hill Community College.
3, Incoming students at North Shore Community College all took
C.E.E.B. academic placement tests in Reading Comprehension, Sentence
Structure, and Logical Relationships, While a significant female super-
iority was found in the Sentence Structure test scores, the multivariate
analyses showed no significant interaction with handedness categories.
4, Students at Bunker Hill Community College completed a self
evaluation instrument which assessed their preferences for five distinct
learning styles: differences, appraisal, magnitudes, relationships, and
deduction. The multivariate analyses showed significantly higher female
scores for differences reasoning, but no interaction with handedness
vi i
cl assi fications.
Inverted handwriting posture (hooking) has been shown previously
to be an indicator of ipsilateral hemispheric language representation
which, depending on the task requirements, would either facilitate or
interfere with performance (Levy 1976).
Unfortunately, when the present data were blocked for this
additional independent variable along with sex and handedness category
some of the cell sizes contained too few subjects for meaningful an-
alyses. The data on the previous four hypotheses were reviewed ex post
facto with the intent to determine if handwriting posture/sex/non-
dextrality would be a useful trichotomy in future studies.
Since data on handwriting posture were not collected in the Duke
University study, no comparison was possible. However, in each of the
other three analyses the hooking handwriting posture combined with sex
and handedness in seemingly important yet unclear patterns. This part
of this study, particularly, calls for further research with large
enough sample sizes in each sex/handedness cell to permit not only the
addition of handwriting posture but also the further variable of racial
identi fication.
Much additional research is needed before it can be determined if
cerebral lateralization, coupled with other interacting variables, can
usefully serve as a unifying and pragmatic concept in the educational
assessment of community college students. The present study does pro-
vide some information relative to this question but, more importantly,
shows the intrinsic complexity, not hitherto generally recognized,
involved in handedness research.
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CHAPTER I
THE PROBLEM AND ITS SETTING
Background
As a review of the literature reveals, there has been a recent
geometrically progressive effluence promulgated by neurologists and psy-
chologists studying the human brain. Several biologically based
cerebral differences have been found both between the sexes and between
hemispheres of the same brain. Independent replication of significant
findings has validated most of these discoveries.
This plethora of research is sharply contrasted by a paucity of
research aimed at determining whether these substantiated cerebral dif-
ferences have practical import for education. The preponderance of re-
search done on individual differences in higher education has focused on
quantifying those variables which best predict success in a particular
college or program of study. Very little attention has been given to
how the institution might better accommodate itself to students it now
denies admission because of these same differences. The gauntlet has
been thrown, but very few have elected to accept the challenge. Bloom
(1968), for example, asserts that "education can no longer afford to use
individual differences against students when 90 percent or more may be
capable of mastery if provided sufficient time and appropriate instruc-
tion." Jerome Brunner (1966) of Harvard University also decries this
1
2practice, noting that "the very fact of individual differences argues
for pi Ural i sm. . , in materials and methods of instruction."
Researchers interested in studying individual differences in col-
lege students could find no more fecund arena than the open-door com-
munity colleges. There diversity abounds on all conceivable dimensions.
It is also the segment of higher education which must of necessity
attend to student differences for, by definition, community colleges
have foresworn exclusivity. Their equal itariani sm coupled with
extremely modest peregrinate and financial encumbrances begets
heterogeneity.
While recognizing this student disparity, the public community
colleges in Massachusetts during their brief history have chosen to con-
centrate on achieving academic credibility with the University and
nearby independent colleges by aping their materials and instructional
techniques. This meant that student diversity, far from being catered
to, has been a subject of attack--somethi ng to be overcome with re-
mediation and patience. While for the most part they have succeeded in
obtaining the coveted respectability, their imitative behavior has
extracted a high toll. Continued attempts to disregard, correct, and/or
suppress the diversity of their students can only result in op-
probriously high student attrition, faculty frustration, as well as an
increasing waste of time, energy, and public funds.
Within the Massachusetts system. Bunker Hill and North Shore Com-
munity Colleges are the leaders in active recognition that remediation
alone is not an adequate response; and that it is necessary to match
3their students with alternative educational settings. In attempting
this, they call upon a small and relatively new body of research which
attempts to isolate aptitude-instructional treatment interactions (ATI).
This research has abandoned the quest for the best method of presenting
instructional material; realizing that the same change that makes a par-
ticular method better for some students makes it worse for others.
Most of the ATI research is patchwork in nature, lacking any uni-
fying principles or theory. No one has yet determined just which
individual differences are important, or in what ways the differences
interrelate or are independent of each other. Brian Lewis (1976), a
thoughtful researcher, has called for a "moratorium on all ATI research
until someone has done some hard and effective thinking on the kinds of
individual differences that matter most." Failure to do so causes him
to predict., ."the production of literally thousands of sterile
doctorates and research programs."
A great deal of talented energy has gone into the development and
promotion of differing models of cognition and other seemingly relevant
educational variables on which to structure student-instructional
matches. Very little energy, however, has been expended in verifying
these constructs experimentally, investigating their degrees of cor-
relation, or determining the pragmatic import of their influence.
Setting of the Problem
Cerebral lateralization has been shown to be a continuous variable
(Annett, 1967). That is, some people have all of a given mental
4function housed in only one hemisphere of the brain (strongly
lateral i zed), while others simply have more of the function housed in
one hemisphere (weakly lateral ized)
,
or share the capability equally (no
lateralization). The unique pattern of a learner's lateralization may
enhance or impede learning depending on the requirements of the mater-
ial to be mastered. Rightfully so, most formal instruction is designed
for assimilation by the student with left hemispheric (right-handed)
dominance. Approximately 85 percent of the student population is
biologically predisposed to benefit from such an approach (Levy, 1976).
However, while the relationship between handedness and brain
organization works well for these students, the left-handed population
is heterogeneous with respect to this relationship. Approximately 40
percent are mirror images of the right handers, primarily housing their
language facilities in the right rather than the left hemisphere, and
their visuospatial capacity in the left. The remaining 60 percent of
left-handers are to varying degrees irregular in respect to laterality
(Lauria, 1971). Results of two studies (Levy, 1972; Diamond & Beaumont,
1974) indicate that the inverted handwriting posture of some left-
handers (hookers) indicates the presence of some language capability in
the left hemisphere, making them less strongly lateralized for this
function than those left-handers v^o write with a normal (non-hooker)
handwriting posture.
Levy's and others' (Bryden, 1966; Remington, Krashen & Harshman,
1973; Wada, Clark & Hamm, 1975) research has also shown that women in
general are less strongly lateralized than men. The tests for
5laterality differences between hemispheres consistently produced smaller
differences on all tasks for women than for men. Similarly, those
"lefties" with the inverted hand position typically displayed smaller
laterality differences than the other left-handers or right-handers. On
tasks where strong laterality is an asset, the hookers' performance was
consistently lower, and within this group females performed more poorly
than males.
Several other researchers have uncovered other basic differences
between left- and right-handers: Hicks and Pellegrini (1978) and FI or-
Henry (1977) both found a significantly higher level of affect in left-
handers and those with weak lateralization; Gilbert (1973) found that
decreased lateralization is associated with a decrement in non-verbal
visual perception; Hicks and Beveridge (1978), using tests which measure
facility in reasoning, found inferior performance in left-handers.
Suanne Roueche (1979) summed up the differences by noting "Hemispheric
dominance, no matter left or right, does not signify degree of intellig-
ence, rather it signifies 'types' of i ntel 1 i gence--di fferent areas of
strength that may be essential in a dual role in many learning pro-
cesses." And further that "Educators should study the emerging and
sometimes conflicting findings of the relative role that the cerebral
hemispheres play in cognitive functioning."
Purpose of the Study
The primary goal of this study is to determine if a simple measure
of cerebral lateralization can be used pragmatically in the educational
6assessment of community college students. In addition, this study be-
gins investigation to determine if differential lateralization may
validly serve as a synthesizing concept for many other variables
currently employed in these kinds of appraisals.
Del imitations
Several limitations are imposed on both the design and scope of
this study:
1. The laterality preference of the students was determined by a
standardized self-rating questionnaire.
2. Only incoming students at Bunker Hill and North Shore Community
Colleges were tested and compared to a "traditional" college
population of comparable size.
3. All of the students tested were placed into one of three arbi-
trary laterality categories: left, right or mixed.
4. In analyzing the data for each laterality category, the subjects
were blocked on only two variables: sex and handwriting posture.
5. The tests used in determining cognitive style and those of
academic placement were in use at Bunker Hill and North Shore
Community Colleges respectively, and were not selected or
administered by the researcher.
Basic Assumptions
In addition to the five hypotheses to be tested, three basic
assumptions underlie the formulation and justification of this study.
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1.
Irrespective of the variables chosen, public community colleges
serve the most heterogeneous student populations in all of
higher education.
2. Public community colleges should develop alternative learning
environments which cater to this student diversity.
3. Much more careful exploratory and descriptive research is needed
prior to initiating the true experimental designs which can
provide the basis for the enlightened development of different
learning environments.
Hypotheses Tested
Stated in their null form, the following hypotheses are tested:
1.
The proportion of community college students found in each of
the three laterality categories does not differ significantly
from the proportions observed in "traditional" university
students.
2. Laterality classification is not a factor in determining which
programs of study are elected by community college students.
3. The scores obtained on academic placement tests will be the same
in each laterality category.
4. The preferred cognitive styles of community college students
will be the same in each laterality category.
5. No significantly differences will be found in the previous
hypotheses when the data are blocked for handwriting posture.
8Definition of Terms
The following are the operational definitions of the variables
used in stating the five hypotheses:
1.
Community College Students--students who have been accepted at
Bunker Hill and North Shore Community Colleges for September
1980, and who participated in their mandatory evaluation pro-
grams.
2. Laterality Categories --based on an instrument developed by
Briggs and Nebes (1975), (Appendix A), which requires a response
of "always left" (-2), "usually left" (-1), "no preference" (0),
"usually right" (+1), "always right" (+2) for twelve unimanual
tasks. Scores can range from "always left" (-24) to "always
right" (+24). The authors have arbitrarily divided this con-
tinuum into thirds by classifying those with a score below -8
as left-handed, above +8 as right-handed, and those in between
as mixed-handed.
3. No Significant Pi fferences- -di fferences that would occur by sam-
pling error (chance) more than five times out of one hundred
as determined by accepted statistical tests.
4. "Traditional" University Students --students enrolled in intro-
ductory psychology courses at Duke University who have
taken the handedness survey.
5. Programs of Study- -certi ficate or associate degree programs
offered at Bunker Hill and North Shore Community Colleges which
have been condensed into the following six categories.
Transfer, Business, Health, Service, Graphic Arts, and Tech-
nol ogy.
9
Cognitive Sty1e- -"i ndividual variations in modes of perceiving,
remembering, and thinking, or as distinctive ways of apprehen-
ding, storing, transforming and utilizing information"
(Kogan, 1971). Bunker Hill Community College employs an
abridged version of Hill's (1972) Cognitive Style Assessment to
determine the students' preferred reasoning styles.
7. Academic Placement Tests--North Shore Community College employs
The Educational Testing Service's College Board Tests in Sen-
tence Structure
,
Logical Relationships
,
and Reading Com-
prehension .
8. Sex and Handwriting Posture- -a male or female who writes with
the inverted hand (hooker) or the more common posture where the
writing implement is pointing away from the writer (non-hooker).
Research Methodology
The current state of the art calls for exploratory research. The
fact that all variables are assigned dictates a descriptive approach to
the study.
Before attempting to assess laterality as a synthesizer of cogni-
tive style, program of study, and placement test performance, it is
necessary to determine its distribution in a community college pop-
ulation. In the first part of the study, the community college
10
students' laterality preferences are compared with those of students
attending a "traditional" college. Comparisons are then made between
the community college students with different laterality preferences and
their elected programs of study, cognitive styles, and scores on
academic placement tests.
Of all the measurements taken only two are truly quantitative in
nature. The scores on the learning style inventory may vary from a
possible low of 3 to a possible high of 15 in increments of two. The
scores on the academic aptitude and achievement tests employed at North
Shore Community College can vary as follows: Reading Comprehension
(0-45), Sentence Structure (0-35) and Logical Relationships (0-50).
These scores are analyzed by handedness category (right, mixed or left)
by multivariate analyses with unequal sample sizes and variances.
The remainder of the observations are either nominal or ordinal in
nature and the comparisons are done by chi2 analysis.
Hopefully, the results of this study may serve as the basis for
formulating true experimental designs needed to bring about the en-
lightened placement of students in alternative learning environments.
Dissertation Outline
The text of the dissertation contains five chapters with the
following content:
Chapter I- -an introduction to cerebral laterality in intact human
brains and a justification for employing this variable in studies
evaluating community college students. This chapter also contains the
11
background, purpose, delimitations, assumptions, and hypotheses to be
tested.
Chapter II ~-a review of the research literature in the areas of
handedness assessment, human split-brain studies, handwriting posture,
biologically based differences in the performance of male and female
brains, left-handedness, and relevant cognitive style models.
Chapter III --a description of the subjects and all materials em-
ployed in making observations in sufficient detail to both justify their
use and permit independent replication of the studies.
Chapter IV- -a presentation of the results obtained and the various
analyses employed.
Chapter V- -a summary of the findings and their impact. In addi-
tion, there are several recommendations and cautions relevant to further
research in this area.
12
ADDENDUM
This is to certify that the admini stration at both Bunker Hill
and North Shore Community Colleges gave this researcher permission to
collect data from students at their institutions. They reviewed all
materials and procedures and found them to meet the most stringent
students of human subject research.
In addition, all the collected data is blind, so there is no
possible invasion of the students' rights to privacy.
CHAPTER II
REVIEW OF THE LITERATURE
Background research pursuant to the present investigation neces-
sarily proceeded along several lines, including a computer search in the
field of laterality. Extensive reading was also selectively done on sex
differences in learning and cognition, cognitive styles, and ATI
research.
This research resulted in the formulation of the present study,
rather than the usual pattern of the formulation determining the
research.
Computer Search on Laterality
A Department of Defense computer search for laterality literature
produced well over two hundred pages of references. While none of them
explicitly treated the issues involved in this study, many were of tan-
gential interest and are summarized, along with the other research,
under the following sub-headings:
Handedness assessment . While for most people the question of their
handedness poses no problem, for some it is an imponderable. Un-
fortunately, there are no unifonn acceptable criteria which researchers
have employed in answering this question.
The early research done in this area not only used a variety of
standards but also treated handedness as a dichotomy. Annett (1967) es-
tablished handedness on a continuum and developed a practical minimum
13
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of no less than twenty-four handedness categories. Briggs and Nebes
(1975) adopted the questionnaire used in this study on the basis of
Annett s work,. , 'adding a strength of preference scale more sensitive to
slight differences in hand preference...," As a reliability check, us-
ing their somewhat coarser classification of three handedness types,
they found this modification did not distort Annett's scoring (chi^
{2df)=0.07, p = >.98). As a final check they tested the agreement among
the twelve items in the inventory using their modified scoring method
and obtained a Kendall's coefficient of concordance which was
significant at the .001 level of confidence.
This study uses the same questionnaire, scored in exactly the same
fashion. In addition, it contains one question which determines whether
or not the respondent writes in the hooking position which does not
change the scoring. (See Appendix A.)
Split-brain research . Almost forty years ago, Akelaitis (1944) summed
up his and others' split-brain research with both humans and lower
species with the prediction that no important functional symptoms would
result from the complete surgical section of the corpus callosum and
anterior commissure (complete hemispheric separation). This doctrine
prevailed until rather recently, when two Los Angeles neurosurgeons,
Drs. Philip J. Vogel and Joseph E, Bogen performed this radical surgery
on a dozen severe epileptics in a successful life-saving attempt. Sub-
sequent to the surgery. Dr. Robert W. Sperry, Professor of Psychobiology
at California Institute of Technology, and his associates continued
their studies in this area by attempting to determine the behavioral.
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psychological and neurological effects of this complete separation of
the cerebral hemispheres. The results of their early findings (Sperry
1968) not only contradicted the Akelaitis theory, but opened up a whole
new field of research, the results of which carry the potential for vast
changes in neurology, psychology and education. Surprisingly, they
found two separate brains within the same person: "Two independent
streams of conscious awareness each of which is cut off from and out of
contact with the mental experiences of the other." Each hemisphere was
found to have its own private memories, perceptions, concepts, impulses
to act, and perhaps most germane, its own separate learnings and cogni-
tive style.
By making use of the hitherto unexplained neurological anomolies
of the optic chiasma which sends half the visual field of each eye to
one hemisphere and half to the other, Sperry's researchers could present
different hemispheric messages simultaneously to these patients.
Utilizing tachi stoscopic split-field images faster than the eye can move
(1/10 of a second or less) the word "ring" was sent to the language-
bearing hemisphere (left) and the word "key" on the same presentation to
the mute right hemisphere. The subjects were then required to tell what
they had seen, and then immediately select the item from a group of ob-
jects, using their left hands. The subjects found nothing inconsistent
with their recitation of the word "ring," followed by the selection of a
key from a group of objects which included a ring.
Similarly, when two different figures were presented
simultaneously to the different visual fields and the subjects were
16
asked to draw what they saw using their left hands out of sight, they
regularly drew a dollar sign. But then when asked for a verbal report
of what they had just drawn, the subjects unhesitantly reported it was a
question mark or whatever other symbol had appeared in the right half of
the visual fields.
Nor was this separate mental awareness restricted to visual
stimuli. Objects placed in the right hand for identification by touch
were easily described in speech or writing, but when in the left hand,
the same objects' identities were the subject of wild speculations.
However, when these same objects held in the left hand were identified
by non-verbal means, it was found that they were clearly perceived and
remembered accurately. Unlike subjects with an intact corpus callosum,
split-brain subjects must identify the objects with the same hand which
originally learned its shape. They are incapable of recognizing with
one hand what the other hand learned seconds before, for the second
hemisphere simply does not know what the first has been doing.
Despite this bifurcation, these patients functioned normally.
They read books, watched television, and moved freely about without dif-
ficulty or notice of any discrepancies in their visual field. In every
case, the series of tests run on these patients required the researchers
to restrict, in one fashion or another, the normal functioning of the
subjects: i.e. visual presentations of 1/10 of a second or less, draw-
ing of symbols out of sight, sequential occlusion of right and left
nostril, prevention of verbalization whereby the major hemisphere might
tell the minor the answer, etc. Sperry sums up on this point by noting
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there is a diversity of indirect strategies and responding signals,
implicit as well as overt, by which the informed hemisphere can be
used to cue-in the uninformed hemi sphere. .. .through sensory feedback
a unifying body schema is imposed in each hemisphere with common
components that similarly condition in parallel many processes of
perception and motor action into a common base.
Handedness
. In normal (right-handed) people the left hemisphere con-
tains the language capability and the ability to manipulate mathematical
symbols. As a result, its cognitive style is linear and analytic as
well as logical, abstract and conceptual. The left hemisphere
assimilates details and processes information sequentially, paying
attention to the trees rather than the forest. The right brain houses
vi sual /spati al abilities. Its cognitive style is to process information
holistically, and, in its non-linear way, is responsible for seeing the
big picture and generating hunches, intuitions and insights. Jerre Levy
(1974) summed it up by suggesting that
the human cerebral hemispheres exist in a symbiotic relationship in
which both the capacities and motivations to act are complementary.
Each side of the brain is able to perform and chooses to perform a
certain set of cognitive tasks which the other side finds difficult
or distasteful or both.... The right hemisphere synthesizes over
space. The left hemisphere analyzes over time.... The right hemi-
sphere codes sensory input in terms of images, the left hemi-
sphere in terms of linguistic descriptions. The right hemisphere
lacks an. ..analyzer; the left hemisphere lacks a.. .pattern syn-
thesi zer.
For instance, the right ear is better at processing language
(Bogen 1969) because it reports to the linguistic left hemisphere. The
left hand is superior at learning braille (Hermelin, O'Connor 1971) as
it reports to the right hemisphere where tactile sensory images are pro-
cessed. While the two hemispheres swap information via the corpus
18
callosum, something is always lost in translation and so the hemispheres
speci al i ze.
From birth until about age five in males, and about age thirteen
in females, the human brain remains rather flexible in respect to how,
what and where information is processed and stored. The hemispheric
specialization described above occurs gradually from those approximate
ages forward. The same cautions presented with Sperry's findings apply
here. While the subjects studied were normal without hemispheric
separation, again, stimuli had to be presented at speeds faster than
possible eye movement and/or with other constraints imposed.
Sex differences . Next came an increasing awareness of the existence of
sex differences in hemispheric functioning, and this too set off a
flurry of ongoing research. While not a dominant theme in the scope of
this study, cognizance should be taken of sex differences which have
been demonstrated to stem from biological and not cultural influences.
Eleanor Maccoby and Carol Jacklin (1974) have critically reviewed all
prior research in this field and find a demonstrated biological super-
iority of the male brain in mastering visual-spatial and mathematical
skills, while according their own sex with biological superiority in
processing verbal tasks. This verbal ability matures more rapidly in
girls in early childhood, but by the age of eleven, boys and girls are
nearly equal. Then, when as the Sperry group hypothesizes, the young
ladies' hanispheres take on specialized functioning the female super-
iority increases over males in a wide range of verbal tasks. Boys and
girls' spatial skills are about equal in childhood, but with the onset
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of adolescence, the male advantage increases in tasks including depth
perception, picture completion, map reading, solving mazes and the abil-
ity to mentally rotate objects in space.
Extensive studies conducted at several hospitals working with
brain-damaged patients have demonstrated a greater hemispheric
specialization in males. That is, women's verbal and spatial skills are
more likely to appear in both hemispheres while men's are more likely to
be confined to one or the other almost exclusively. Reviewing the re-
search in this area Witelson (1976) speculates that men's brains make it
easier for them to perform two tasks simultaneously providing that the
processing centers for these tasks are each in different hemispheres.
Again, these data apply only to normal, right-handed people and their
mirror image left-handed counterparts.
Finally in this area, research conducted at Harvard and Yale Uni-
versities (Schwartz, et al . 1976) shows that women have an innate
ability to selectively activate their brains using only those areas
needed for the task at hand. So that women are better at tasks which
call for "turning on" one hemisphere while "turning off" the other.
Women then may be better cognitive specialists with the ability to focus
attention and talent on one particular task, while men are better when
different consideration of two cognitive approaches is needed
simul taneously
.
The importance of attending to sex differences in conducting re-
search was demonstrated by Carlson (1971) who reviewed the studies
published in the Journal of Personality and the Journal of Personality
and Social Psychology during 1968. She noted that while less
than half
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the studies which could have blocked for sex did so . . . "yet in fifty-
one studies where sex differences were examined significant effects of
sex were found in thirty-eight (74%) cases."
Left handedness . Sinistrals have been the recipients of much
unflattering research as well as persecution and discrimination in and
out of the classroom. With a certain amount of poetic license Fincher
(1977) notes that "lefties have a maddening habit of thinking in elipses
rather than straight lines. Their train of thought is apt to meander
through the whole alphabet on the way from A to B . .
.
(and they) spell
like half-drunk Elizabethan typesetters." Unfortunately, these are
conclusions that have some scientific support. Left-handers score
significantly lower than right-handers on tasks of motor precision
(Kimura & Vanderwolf 1970). Left-handers show significantly greater
levels of emotional instability (Hicks & Pellegrini 1978). There is a
higher proportion of left-handed psychiatric patients in general, and
psychotics in particular (Fleminger et al . 1977). Left-handedness is
also associated with disorders such as stuttering, dyslexia, bed
wetting, mental retardation, and even pregnancy complications (Bakan
1971).
In addition to being more likely victims of all of the ills that
flesh is heir to, left-handers have a long history of ill-treatment by
an unsympathetic society. As Ben Franklin is reported to have written:
There are twin sisters of us; and the eyes of man do not more
resemble, nor are capable of being on better terms each other
than my sister and myself, were it not for the partiality of our
parents, who made the most injurious distinction between us.
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From my infancy I have been led to consider my sister as being of
a more educated rank. I was suffered to grow up without the least
instruction, while nothing was spared in her education. She had
masters to teach her writing, drawing, music and other accomplish-
ments, but if by chance I touched a pencil, a pen or a needle I was
bitterly rebuked; and more than once I have been beaten for being
awkward, and wanting a graceful manner . . .
Your obedient servant,
THE LEFT HAND
Strength of laterality
. Levy (1969) and Miller (1971) both found a
predicted significantly lower score for left-handers on non-verbal tests
of performance and intelligence with no score difference on the verbal
scales. Levy hypothesized that "when some speech capacity is present in
the non-dominant hemisphere, its normal functions would suffer . . ."
This conclusion refers to the weak left-handers who are more likely to
have this dual hemispheric speech localization. Gilbert (1973)
specifically hypothesized "that weakly lateral! zed left-handed persons
would not perform as well as strongly lateral! zed left-handed persons
and right-handers." His results fully supported that hypothesis show-
ing the disadvantage of weak left-handedness in skills which are de-
pendent on the non-dominant hemisphere. That is, "interference occurs
when verbal -symbol ic cognition and non-verbal perception are both housed
in the same hemisphere." All of this speculation leads to the unhappy
possibility that all those earlier studies which demonstrated the
inferiority and maladaptive susceptibility of left-handers were too
broad, and that perhaps, it is only those "lefties" who are weakly-
laterized that are the true goats.
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Handwriting posture Jerre Levy, who had been an active researcher in
the Sperry group, was sitting at home one evening when she happened to
notice the way her husband held his pen while writing. While thoroughly
right-handed, he held his pen in the hooked position as do so many left-
handers. This observation started a new area of research.
Working with Marylou Reid of the University of Massachusetts, she
(1976) reported a simple overt measurement which "in association with
handedness, can reliably predict which hemisphere is predominantly
linguistic and which primarily spatial in the left-handed and the oc-
casional right-handed writer who is an exception to the normal rela-
tionship." For these people not only vary in respect of cerebral organ-
ization, they also vary in handwriting posture. Over ninety percent of
those writing with the left hand can be unambiguously classified as
either "hookers" with the hand above the writing, or as "non-hookers"
with the hand below the line of writing.
Levy and Reid's subjects were university undergraduates divided
into four groups as follows:
Right-Normal Left-Normal Left-Hookers Right-Hookers
Mai es 12 12 12
Females 12 12 12
Total n 7^
These subjects were given two tachi stoscopic tests which required
the specialized function of one hemisphere, one being a verbal test and
the other, spatial. Given normal cerebral laterality, the tasks
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presented to the right visual field should be superior for the verbal
task and the left visual field for the spatial task. The results showed
that only one of the right-handed subjects showed superiority of the
left visual field for the verbal test, and right visual field super-
iority for the spatial test--the lone right-handed hooker. Hand posi-
tion in writing picked up this rare right-handed condition for language
facility in the right ( i psil ateral ) hemisphere. Seventy of the
seventy-three subjects displayed the predicted performance.
Those subjects with inverted hand position (hookers) displayed
smaller differences in test scores than did the non-inverted writers,
causing Levy & Reid (1976) to conclude that the earlier assertion that
"lefties" are less lateralized than "righties" applies only to those
with left-hemispheric specialization for language. Like the earlier
studies, however, they did find that the observed differences were
smaller for females than males. So that being both female and a
"hooker" makes for the least amount of cerebral lateralization. When
the overall results were averaged, the left-hookers performed less well
than either the left or right normals. When a statistical check of the
assumption of equal variance was made, the left-handed hookers were
found to be significantly more variable than the other groups. In fact,
three of them far outperformed all subjects in the left visual field
task, while eight of them were the most inferior. This led the re-
searchers to speculate that dual representation of a function in both
hemispheres can lead to unusually good or poor performance, depending on
the function measured. They also found that in normal right-handers.
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the male superiority held for the spatial test and female superiority
for the verbal; and the same was true, although to a lesser degree, for
the hooking left-handers. But the results for the non-hooking, or
mirror image left-handers, were exactly reversed. The males did better
on the verbal than on the spatial, and the females did better on spatial
than verbal--a reversal of the normal sex pattern.
Both Levy and Reid have independently replicated these startling
findings. In testing a manually mixed group of college girls on
standardized pencil and paper tests. Levy (1977) found both the normal
right-handers and the hooking left-handers did better verbally, but the
non-hooking left-handers did better spatially. Her report also included
the yet-unpubl i shed findings of Marylou Reid who has determined that in
children, the specialties of the left hemisphere, regardless of what's
there, develop first in girls, and that whatever is in the boys' right
hemispheres develops first. If true, and the evidence is compelling, it
is not that girls develop verbally and boys spatially, it is not a
function that is enhanced, it is a hemi sphere--! eft in females, right in
males.
Levy (1977) goes on to speculate that there are eight different
kinds of basic brain organization. Most people fall into one of the
first four classes which she calls "cognitive generalists" who are
"pretty good in just about everything." They include both male and
female non-inverted writers of either hand. These differ somewhat from
one another in cognitive wiring, and these differences are enhanced
differentially by sex.
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The cognitive specialists" who make up the four remaining classes
are much smaller in number and are comprised of "hookers" of both sexes
and writing hand. Because of their weak laterality "they tend to be
very good at one set of abilities and relatively depressed in the
other."
As extreme as these conclusions may seem, these findings have
received tangential support from recent research findings of the Sperry
group working with the split-brain patients. Dr. Eran Zaidel developed
the "Z lens" which allows the leisurely testing of the patients over an
extended period of time with a much wider variety of test stimuli. They
are no longer restricted to tachistospic presentations or the other
constrictions previously described. As a result, extensive testing has
been done involving only the left hemisphere, only the right, and with
both hemispheres working simultaneously. By employing a variety of
measures, some earlier findings have been confirmed and others dramati-
cally expanded. This is particularly true in the areas of hemispheric
enhancement and inhibition. Sperry (1973) reports that when the "minor
hemisphere" of the lowest scoring patient on the test of spatial forms
was allowed to work without interference from the left hemisphere, the
patient scored better than thirty -one percent of college sophomores upon
whom the test was standardized. When the patient was presented the same
test with both free vision and unrestricted hand movement, he scored
lower than ninety-nine percent of the same group. The same sort of
inhibition could well occur to a less dramatic degree in the non-brain
altered, weakly lateral ized subjects that Levy tested.
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The extremes of this relationship were diagramed by Hardyck (1977)
as follows:
FIGURE 1
EXTREMES OF HEMISPHERIC SPECIALIZATION
Right versus left brain . Dr. Joseph E. Bogen, one of the surgeons pre-
viously referred to as part of the group studying split-brain patients,
and his associates have conducted several studies relating to the
asymmetry of cerebral hemispheric function, and have postulated "two
distinct modes of human thought which are most usefully characterizied
in terms of hemispheric specialization" (Thompson & Bogen, 1977).
In normal right-handed people, they find the right hemisphere to
be "appositional" and the left hemisphere "propositional," and that
these two kinds of cognition are differentially capable of processing
certain kinds of information and solving different tasks.
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Cognitive Styles
A physiological model
. The Bogen group postulated that given the ap-
positional cognition of the right hemisphere and the propositional pro-
clivity of the left, certain tasks have hemisphericity (A/P ratio), and
that this could vary from task to task with the changing proportion of
involvement of the two hemispheres. Not only would hemisphericity vary,
but they postulated that every individual favors one hemisphere over the
other, whether it be to his/her advantage or disadvantage. That is, a
primarily left-brain processor and thinker will do less well on tasks
calling for appositional cognition, and vice-versa.
This theorizing has received some experimental verification
(Rogers, et al., 1977; tenHouten, et al., 1977). By using an EEG to de-
termine hemispheric processing of tasks, the researchers tested right-
handed Hopi Indians who had English as a second language. The subjects
were tested in both languages on a propositional task (Wise Children's
Similarities Test) and on an appositional task (Streets' Gestalt Com-
pletion Test). The hypothesis was supported by the findings that the
Hopi's native speech involves much greater right hemisphere partici-
pation than does their processing of English. It also is supported by
earlier research of Krashen (1976), who found that left-brain processors
learned Spanish as a second language better by a deductive/analytic sys-
tem, while right-brain processors learned better using a more inductive
method. Finally, the tenHouten research group also reports data showing
that in our society sub-dominant groups make more use of the
appositional mode of thought of the right hemisphere, whereas dominant
groups and classes make more use of the propositional mode.
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An educational model . While no evidence was found that the apposi-
tional/propositional hemispheric cognition has any influence on educa-
tional practices, other measures of cognition have. Within the Massa-
chusetts System, Bunker Hill Community College tests each student for
cognitive style and then, insomuch as possible, structures a learning
environment believed to best match that style.
At Oakland Community College in Michigan, psychologist Joseph E.
Hill and associates have worked for the past nine years to develop an
assessment of cognitive styles which has direct relevance to classroom
learning and instruction. Ms. Betty Tenore, director of the Learning
Center at Bunker Hill Community College, is a member of this group, and
has for the past eight years worked on applying and validating Hill's
constructs. This group's efforts, which have drawn international atten-
tion and emulation, may well represent the most comprehensive work in
the application of cognitive styles. They postulate (Hill, 1972 ; Hill &
Nunney, 1971) that a learner's cognitive style is determined by the
unique way the person seeks meaning. This is assessed by measuring the
interaction between three related sets: symbolic orientation, cultural
influences on the meaning of symbols, and modes of inference. A stu-
dent's cognitive map is determined by a 216-item self-assessment on
these variables which shows the kinds of educational environments needed
to maximize learning efforts.
Hill believes that most learning involves deriving meaning from
symbols, and each learner has a unique symbolic orientation. He further
postulates two classes of symbols which are used in acquiring knowledge
and deriving meaning from the environment. The first class is made up
of theoretical symbols (T) which may either be qualitative (words) or
quantitative (numbers). In both cases these theoretical symbols are by
definition constructs or abstractions which stand for real things, and
as such, they require the learner to attach meaning to them. Not only
is the nature of the theoretical symbols important to the learner, so is
the sensory modality employed. Depending on past experiences and per-
haps on unique neurological makeup, each individual develops prefer-
ences for particular kinds of theoretical symbols presented in a
particular medium. It is to these that 'we attend and most frequently
use in searching for meaning. As a result, a student with a high the-
oretical visual orientation will more likely derive meaning from reading
words and numbers than will a student with a theoretical auditory ori-
entation. In Hill's conceptualization, there are four possible the-
oretical orientations in the subset of symbolic orientation:
1. T (VL) Visual Li ngui sti c--the ability to derive meaning
from printed words.
2. T (AL) Auditory Li ngui stic--the ability to derive meaning
from spoken words.
3. T (VQ) Visual Quanti tative--the ability to derive meaning
from printed numerical symbols.
4. T (AQ) Auditory Quanti tative--the ability to derive meaning
from spoken numerical symbols.
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The second set of symbols is qualitative in nature and is derived
form three sources: sensory stimuli, cultural codes, and proprioceptive
stimuli. Thus the sense modality that a learner typically uses to
attend to symbols influences the meaning that symbol has for the
learner. Similarly, the internalized cultural codes of the learner
influence meaning as does the ability to monitor and synthesize internal
body feedback. There are sixteen elements in the qualitative (Q) subset
of symbolic orientation:
1. Q (A) Auditory—the ability to perceive meaning through the
sense of hearing.
2. Q (0) Olfactory—the ability to perceive meaning through the
sense of smell.
3. Q (S) Savory--the ability to perceive meaning through the
sense of taste.
4. Q (T) Tactile--the ability to perceive meaning through the
sense of touch.
5. Q (V) Visual--the ability to perceive meaning through the
sense of sight.
6. Q (P) Proprioceptive--the ability to synthesize a number of
symbolic mediations into motor performances.
7. Q (CEM) Code Emphatheti c--the ability to identify with another
person's feelings or ideas.
8. Q (CES) Code Esthetic--the ability to enjoy the beauty of an
object or idea.
9. Q (CET) Code Ethic--a commitment to a set of values,
moral
principles or obligations.
10. Q (CH) Code Hi strionic--the ability to role play
to bring
about a desired effect.
11. Q (CK) Code Kinesi cs--the ability to
communicate with non-
linguistic body language.
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12. Q (CKH) Code Ki nesthetic--motor skill abilty.
13. Q (CP) Code Proxemic- -the ability to judge acceptable
physical and social distances.
14. Q (CS) Code Synoetics
—
personal knowledge of self.
15. Q (CT) Code Transactional--the abilty to maintain positive
communicative interactions with others.
16. Q (CTM) Code Tempo ral --the ability to act or respond at the
appropriate time.
The second set in this construct of cognitive style notes that
learners do not seek meaning in a vacuum, and that there are important
cultural determinants in the meaning of symbols. A person's culture has
provided attitudes, feelings and values which are associated with
symbols. These cultural determinants are a frame of reference within
which the individual interprets and expresses the meanings of symbols.
Hill identifies three basic ways of relating to others:
1. A Associates
—
peer group orientation; the individual inter-
prets, discusses, explains meaning in terms of peers or
others associated with him.
2. F Family--family unit orientation; the individual interprets,
discusses, explains meaning in terms of his family.
3. I Individual ity--an egocentric orientation; the individual
interprets, discusses, explains meaning in his own terms.
"A's" for instance, profit from classes with discussion but will
get less from a lecture course than "F"-oriented students. An "I" will
profit from independent study projects.
Hill's final set involves modalities of inference. These are pat-
terns of reasoning that the learner typically uses to process the mean-
ing of symbols. There are five elements to this set.
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1. M Magnitude--a pattern of reasoning characteristic of an
individual who sorts things into neat categories or who
uses fixed rules, regulations, or norms as the basis for
accepting or rejecting hypotheses.
2. D Difference—a pattern of reasoning characteristic of an
individual who uses one-to-one contrasts or comparisons or
selected characteristics to process information.
3. R Relationshi p--a pattern of reasoning characteristic of an
individual who synthesizes a number of elements into a
unified whole or who analyzes a whole to discover its com-
ponents.
4. L Appraisal --a pattern of reasoning characteristic of an
individual who uses magnitude, difference, and relation-
ship in equal measure to process information.
5. K Deductive--a pattern characteristic of an individual who
uses syllogistic reasoning.
By assessing students on these 27 elements of the three sets of
symbolic orientation, cultural determinants, and modalities of infer-
ence, Hill's analysis charts and evaluates the channels available to the
individual to process information. The more channels, the more flexi-
bility the student has in deriving meaning from his environment. Con-
versely, the fewer the channels, the more limited the meaning that can
be derived from the environment.
The student taking the Cognitive Style Interest Inventory is asked
to respond "rarely," "sometimes," or "often" to eight items relating to
each of the 27 elements (216 total). These items were constructed by
determining the characteristics which would be displayed by an indivi-
dual having a major orientation in each of the 27 areas.
The cognitive map which is determined by multivariate analysis
provides a clear picture of how the student seeks meaning (learns) in a
much more useful fashion than the traditional I.Q. or S.A.T.
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3 ss6ssin6nt
. FurthGr, this cognitivG map can bG uSGd to proscribG pGr-
sonalizGd instructional programs which maximizG thG studont's potGntial
for mastGry. For GxamplG, a studont with a thGorotical visual linguis-
tic oriGntation and an individuality (I) cultural dGtGrminant in con-
junction with othGr cognitivG stylo olomonts will most likoly bonofit
from a programmod tGxt approach. Anothor studont with a thoorotical
auditory oriontation and an associatos (A) cultural dotorminant might
wGll do bGttor in mastoring tho samo matorial in a poor tutoring situa-
tion.
A pGrcGptual modol . WhilG Bunkor Hill Community Col logo is omploying
Hill's approach with what SGoms to bo a good doal of succgss, North
ShorG Community Collogo has omployod a difforont cognitivG stylo assoss-
mont to achiGVG tho samo onds. In addition to tho traditional English,
Math and Roading placomont and diagnostic tosts, studonts at N.S.C.C.
took tho Group Emboddod Figuros Tost which assossos dogroos of "fiold-
dopondoncG" and "f iol d-i ndopondoncG." Horman A. Witkin, who loads tho
rosoarch in this fiold, fools that this cognitivG assossmont has pro-
found rolGvancG for oducation. As a result, thoro has boon GxtGnsivG
rosoarch on this variablo in rolation to oducational applications. Tho
data support tho contortion that fiol d-i ndopondont pooplo arG moro
likGly to use internal referents as primary guides in processing
information, while field-dependent people place more emphasis on ex-
ternal references. Witkin (1977) emphasizes that he is not dichot-
omizing a population but rather spreading it out on a continuum: . . .
the designations field-dependent and field-independent reflect ten-
dencies, in varying degrees of strength, to rely on self or field."
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Research by Witkin and his followers shows that field-independent
people have a superiority in both problem-solving and learning
situations where success calls for restructuring the given elements.
For instance, his cognitive style scores were found to have a high posi-
tive correlation with subtest scores on the Wechsler Scales which re-
quire restructuring (Block Design, Object Assembly, and Picture Com-
pletion). The correlations were much lower on the verbal -comprehension
subtests (Vocabulary, Information, Comprehension), and the attention-
concentration factor (Digit Span, Arithmetic, Coding).
Summing up the results of a number of such studies, Witkin con-
cludes that "field-independent people are high in cognitive restructur-
ing skills and in personal autonomy, and low in social sensitivity and
social skills . . . Conversely, field-dependent people are high in
social sensitivity and social skills and low in restructuring skills and
in personal autonomy."
While field-dependent and field-independent students have ap-
proximately the same ability to learn, there are important differences
in what and how they learn. North Shore Community College had hoped to
capitalize on these differences, but has temporarily given up the task
simply because present resources preclude providing the alternative en-
vironments and materials, and not because of any invalidation of pre-
vious research findings.
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Like the Hill model which stresses what learners will attend to,
Witkin's model notes that the pervasive "other person" orientation of
field-dependent persons causes them to better attend to and thus better
learn and remember social material (humanities and social sciences).
Conversely, the "autonomous posture" of the field-independents causes
them to do better at learning and remembering impersonal material
(mathematics and physical sciences).
A second way in which this cognitive style may make a difference
in education stems from the fact that field-dependent persons' pro-
clivity to use external referents extends beyond their social be-
havior.
Whatever the nature of the material they are required to deal with,
such people are likely to take its organization as given, rather
than attempt to impose an organization of their own. Often in
learning, the material to be learned lacks clear inherent structure,
creating the requirement that the learner himself provide organiza-
tion as an aid to learning. Field-dependent persons are likely to
have greater difficulty in learning such material compared to
field-independent persons who are better able to provide from within
themselves the structure that is needed to facilitate learning . . .
. Careful attention to cognitive-style differences in learning under
more structured or less structured conditions, and detailed analysis
of the problem-solving skills and strategies assumed for different
learning tasks, are necessary to define instructional procedures
facilitating learning for each kind of student. (Witkin & Moore,
1974)
A third way in which a student's fiel d-dependence/independence has
been shown to affect the learning situation is its match or mismatch
with the cognitive style of the instructor. Insomuch as learning is
presumed to occur as a result of student/teacher interaction, this be-
comes an important variable. Larry Gross (1978), an English instructor
at Berkshire Community College, conducted research with four sections of
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Freshman English Composition students. His results confirm earlier
studies which show that cognitive matches result in signi ficantl y mutu-
ally greater positive feelings.
Finally, this cognitive differentiation may also provide as-
sistance for counseling students on alternative career choices. This is
particularly true since it has been shown that field-dependence/
independence is not only pervasive, but that it remains stable over
time. Several studies have shown that relatively field-independent
persons choose educational and vocational pursuits which utilize re-
structuring skills, while field-dependents tend to opt for people-
oriented pursuits.
While North Shore Community College, for understandable reasons,
has had to temporarily suspend attempts to capitalize on this variable,
one major educational change has been implemented. Anita Kaplan, who
directs the college's Learning Center, estimates that over three
quarters of the N.S.C.C. students tested to date have been largely
field-dependent. In view of this di sproportional i ty , all of their pro-
grammed instructional modules have been modified to include much more
faculty and student interaction, so that the needed structure can be
readily applied.
A psychological model . Several models for optimally matching students
with learning environments have been proposed. The Hill model employed
at Bunker Hill Community College and the fiel d-dependence/independence
conceptualization at North Shore Community College are the basis for
this study. However, Hunt's Conceptual Matching Model relates more
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closely to cerebral lateralization and differential hemispheric func-
tioning. This model proposes a comprehensive theory of personality
development generated from the way in which information is processed.
As such, the theory is primarily concerned with how the individual re-
lates to the environment rather than the contents or attributes of per-
sonality.
According to this Conceptual Systems Theory (Harvey, et al
.
,
1961), human development is marked by increasingly complex levels or
stages of behavior. Growth of the individual is the result of the
interaction of the stage of development and environmental conditions.
Hunt assumes optimal development occurs when environmental conditions
facilitate the "conceptual work necessary for the person's conceptual
growth" (Hunt, 1970). The environment, then, is a critical factor in
growth and development. And further, the environments most capable of
facilitating growth differ for each stage of personality development.
Like Hill, Hunt is concerned with shaping the learning environment
in a way that promotes optimum development for an individual with a
given set of characteristics. While the theory attends to such learner
characteristics as motivational, sensory, and value orientations, max-
imum emphasis is placed on cognitive complexity. This cognitive com-
plexity continuum is divided into several conceptual levels (CL's).
Those who relate to the environment with few, non-integrated dimensions
are at the low end of the continuum, while those with many, well
integrated dimensions are at the high end. The task of the match-maker
then i s to provide the learner with experiences which are compatible
with the present CL level. Hunt believes that this match between
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present CL level and instructional environments will cause optimal de-
velopment. He hypothesizes:
Given the characteristics of low CL persons (categorical, dependent
on eternal standards and incapable of generating their own con-
cepts), one predicts that they will profit more from highly struc-
tured approaches. Given the characteristics of high CL learners
(capable of generating new concepts, having internal standards to a
higher degree, and being capable of taking on different views), it
is predicted that they will either profit more from low structured
approaches or be unaffected by the degree of structure. Thus, the
heart of the CL matching model is a generally inverse relation
between CL and degree of structure: Low CL learners profiting more
from high structure and high CL learners profiting more from low
structure, or in some cases, being less affected by variation in
structure (Hunt, 1972).
Several studies have supported this relationship. Hunt and Hardt
(1967) reported that Upward Bound students with low CL's did signifi-
cantly better in highly structured classes, while the high CL students
did better in the more flexible, less structured classes.
A mixed model . While there seems to be a high degree of similarity be-
tween Witkin's field-dependent and Hunt's low CL, their emphasis on the
grounds for matching is quite different. The experiential learning the-
ory provides a model of a learning process that is consistent with both
approaches as well as the structure of human cognition. It also pur-
ports to conceptualize the learning process in such a way that dif-
ferences in individual learning styles and corresponding learning en-
vironments can be identified. The Learning Style Inventory developed by
Kolb is derived from Jungian learning theory and intends to
be in har-
mony with both human cognition and the various stages of human
growth
and development.
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This approach places greater emphasis on the role of experience in
the learning process than do the other cognitive approaches. Stated
somewhat simpl i stical ly
,
this model conceptualizes learning as a cir-
cular process which starts with concrete experience about which the
learner, after observation, reflects. This reflection leads to the
formation of both abstract concepts and generalizations. These sub-
sequently are tested in new situations to see if they hold up. Then the
learner is ready to take on and similarly process new concrete expe-
riences. Thus the cycle continues, each time reaching a higher level of
integration. Learning then is a four-stage cycle starting with con-
crete experience (CE) as the basis for observation and reflection (RO)
which leads to abstract conceptualization (AC) which is modified by ac-
tive experimentation (AE). The effective learner needs all four of
these kinds of abilities.
Under this conceptualization, to be really effective, an indivi-
dual must move from one type of cognition to another, rather than being
stuck with one style only. The authors of the Inventory place these
four necessary processes on two polar dimensions. The first places the
concrete experiencing of events (CE) at one end and the abstract con-
ceptualization (AC) at the other. The other dimension has active
experimentation (AE) at one pole and reflective observation (RO) at the
other. The location on this grid identifies in varying degrees one of
the four types of learners: Accommodators , Divergers, Assimilators , and
Convergers. This relationship is shown in the diagram on the following
page.
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FIGURE 2
KOLB'S LEARNING TYPES
CONCRETE EXPERIENCE
ABSTRACT
conceptualization
Accommodators are best at concrete experience and active experi-
mentation, They are doers. Their strength lies in involvement in new
experiences and in carrying out plans and experiments. They tend to
solve problems on an intuitive, trial -and-error basis, relying heavily
on others for information rather than on their own analytic ability.
These people tend to favor action-oriented jobs such as marketing and
sales.
The assimi 1 ators
,
the polar opposites of the accommodators, have
dominant learning abilities in abstract conceptualization and reflective
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observation. They excel in creating theoretical models and inductive
reasoning. They are not people-oriented and are more concerned with
abstract concepts. They types of students are drawn to mathematics and
the basic sciences. In industry, they proliferate in areas such as
planning and research.
Convergers specialize in abstract conceptualization and active ex-
perimentation. Their strength lies in the practical application of
ideas. Their knowledge is organized in such a way that they can focus
on specific problems utilizing their strong hypothetical -deductive
reasoning. Many engineers possess this learning style.
Di vergers are the polar opposites of the convergers, exhibiting
strengths in concrete experience and reflective observation. They can
view concrete experiences from many perspectives and organize diverse
relationships into a meaningful whole. They tend to be people- rather
than things-oriented
,
and are often considered emotional. They also
have broad cultural interests and tend to specialize in the arts. In
industry, counselors and personnel managers are often found to have this
learning style.
This theory further emphasizes that this cognitive model fits the
developmental growth pattern of the learner. The first stage extends
from birth to adolescence and is primarily concerned with the acquisi-
tion of basic learning abilities and cognitive structures. Specializa-
tion is the hallmark of the second stage where the individual increases
his/her competence in the mode of adaption which best helps meet the
needs of the particular tasks encountered in career preparation and
practice. The third and final stage, which is called integration,
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places more emphasis on the non-dominant modes of thinking and learning.
This often leads to either increased creativity in the chosen field, or
new career and lifestyle interests.
On tests administered to Harvard M.B.A. students, several signifi-
cant relationships were found to exist between LSI cognitive styles and
preferred learning environments. Reflective observers prefer lectures
which are not helpful to active experimenters, who learn best from
projects, homework and small group discussions. Abstract learners pre-
fer the case-study approach, theoretical readings, and thinking alone.
Finally, students high in concrete experience find discussion much more
helpful than theoretical readings.
Research has also been conducted on LSI learning style and aca-
demic specialization with both graduate and undergraduate students.
Again, the results tend to confirm the theory:
Business majors tend to be accommodators.
Engineers are highly convergers.
Humanities and social sciences attract di vergers.
Mathematics, sciences and economics are replete with assimil ators
.
In this matter Kolb (1978) concludes "People choose fields which
are consistent with their learning styles and are further shaped to fit
the learning norms of their field once they are in it. When there is a
mismatch between the field's learning norms and the individual's learn-
ing style, people will either change or leave the field."
Additional Research Findings
Several studies have examined the relationship between cognitive
Those studies most germane to thisstyle and learning environments.
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investigation have focused on the existence of collective cognitive
styles and their relationship to academic performance and vocational
choice.
In a study of symbolic mediation and modes of inference, Dehnke
(1966) found that effective high school English teachers had a col-
lective cognitive style which was indistinguishable from the style of
student teachers who were rated as successful. Blanzy (1970) also found
distinct collective styles existed for students in the upper and lower
quartiles of a mathematics course. Shuert (1970) likewise reported dif-
ferent cognitive styles between successful and unsuccessful mathe-
matics students.
Studies also suggest a relationship between certain cognitive ele-
ments and academic performance in particular courses. Hoogasian (1970)
studied the performance of community college students in English courses
and found that collective cognitive styles were related to final letter
grades. Studies by Fragale (1969), Blanzy (1970), and Lange (1972) all
reported that a match between the instructor's cognitive style and that
of the students led to higher grades.
Other studies have examined the effects of matching educational
programs and learning materials with cognitive style. Warner (1970),
after studying community college students, concluded that certain cogni-
tive style elements seemed to favor a self-instructional, multi-media
approach while other elements did better in a lecture/discussion presen-
tation. Lange (1972) reported that students reacted favorably to the
assignment of an instructional mode based on their cognitive styles.
These students viewed the matched lessons as being both more enjoyable
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and less time consuming than their non-matched courses. And finally,
Blanzy (1970), found that students with a high visual linguistic orien-
tation and an individuality cultural determinant had greater achievement
gains using programmed instruction than students who did not possess
either or both of these elements.
Summary
While neither conclusive nor all inclusive, this chapter reviews
the literature pertinent to cerebral laterality, hemispheric function-
ing and related sex differences, cognitive styles and their application
in education. Keeping in mind that one of the purposes of this study is
the synthesizing of current concepts, some comments on the state of the
art are appropriate.
On laterality
. Much of the literature in this area came from split-
brain subjects who prior to surgery suffered from intractible epilepsy,
or from others who were also brain damaged. When cerebrally intact sub-
jects were studied, a variety of unusual conditions were imposed, i.e.,
stimuli presentations at less than one-tenth of a second. Because of
these extraordinary circumstances, caution should be used in extending
the research findings to real-life learning, thinking, and problem solv-
ing, all of which take place in a non-tachi stoscopic world with intact
brains
.
The data on handedness is similarly clouded by the fact that
researchers have used a wide variety of assessment criteria and only re-
cently, in a few studies, has laterality been properly treated as a
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continuous variable. The way in which sex differences interact with
hemispheric functioning is also a relatively new finding and was not
accounted for in the vast majority of the studies. These concerns make
the body of knowledge in this area tenuous rather than definitive.
Finally, almost all of the research reviewed has been of the
descriptive correlational type, and very little of it involved actual
experimentation where the independent variables are in the control of
the researcher. Perhaps understandably, researchers have been reluctant
to purposefully assign educational mismatches or have been unable to
randomly assign subjects to the relevant conditions. The resultant lack
of scientifically acceptable proof again casts an aura of uncertainty on
the state of the art.
On cognition . Five of many cognitive style models were reviewed which
seemed to lend themselves to differential brain functioning. While all
show promise for being able to create differentially adaptable learning
environments, more research is needed prior to the implementation of any
or all. The appositional /propositional model and Kolb's Learning Style
Inventory have yet to be tested for learning differences in traditional
classroom situations. And while the Hill, Witkin and Hunt models have
been so tested, it was done in a self-fulfilling-prophecy fashion. That
is, the studies have been either ad hoc
,
where the researcher goes in
"after class" to find those variables which differentiate the winners
from the losers; or on the basis of testing the researcher has placed
the learner in what seemed to be a favorable environment. In the first
instance, there is no proof that the di socvered differences had any
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causal effect on differential performance or satisfaction. In the
second case, no one, including the happy and successful learner, has
any idea how much more or less happy and successful he/she might have
been in any of several other learning environments. True experimental
designs are both possible and badly needed.
Finally, there seems to be a commonality among the cognitive mod-
els which makes it possible that each is not charting new and dif-
ferent waters. It is entirely possible that they may all be travelling
in the same boat, albeit using different terms for the same scenery seen
through glasses colored by differing theories. This study intends to
begin a badly needed confluence by determining if lateralization can
serve as the medium by which the knowledge from each can be combined
into a more meaningful whole.
CHAPTER III
METHOD
This chapter describes the subjects and all materials used in
conducting the study in sufficient detail to justify their selection and
to permit independent replication of the research.
Handedness Assessment
The three independent variables of 'right', 'mixed', and 'left'
handedness are assigned and were determined by a self-rating method de-
veloped by Briggs and Nebes (1975) at Duke University (Appendix A).
Their work represents a minor modification of the extensive studies con-
ducted by Annett (1964, 1967, 1970, 1972, 1973, 1974, 1976) at the Uni-
versity of Hul 1
,
Annett' s (1970) study unequivocally established that hand pre-
ference is a continuous rather than discrete variable. She tested
twelve unimanual tasks for hand preference using university under-
graduates and armed forces recruits. Table 1 shows the percentage of
respondents answering 'left' or 'no preference' for each of these tasks.
The assessment of handedness varies with the task selected as the
criterion; dealing cards produces a high of seventeen percent, while
using scissors gives a low of only six percent. Writing, which has
frequently been employed as the criterion by many researchers, scores in
the middle of the 'left' ranks, but is the task least claimed by the
ambidextrous.
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TABLE 1
PERCENT OF SUBJECTS RESPONDING 'LEFT' OR 'EITHER'
Task %'Left' Rank %'Either' Rank
Dealing cards 17.02 1 3.32 8*
Unscrewing jar 16.50 2 17.49 1
Shovel 1 i ng 13.53 3 11.89 3
Sweepi ng 13.49 4 16.89 2
Threading needle 13.10 5 9.74 4
Wri ti ng 10.60 6 0.34 12*
Striking match 09.95 7 8.74 5
Throwing ball 09.45 8 1.29 10
Hammering 09.22 9 2.54 10
Using toothbrush 09.18 10 8.49 6*
Using racquet 08.10 11 2.59 9
Using scissors 06.20 12 6.81 7*
n = 2321 *Tasks changing ranks by four or more places
Annet then treated the data by association analysis to determine
patterns of responses in the hope of developing "an agreed system of
classifying hand preference." The correlations between all possible
pairs of questions were calculated and summed for each task. Six of the
tasks; writing, throwing, using a racquet, striking a match, hammering,
and teeth brushing turned out to be the primary questions as they were
all highly associated with all the other tasks.
By performing this analysis An nett was able to distinguish
twenty-three separate types of handedness; that is, right-handed
sweepers who deal cards with either hand and write with their left; etc.
She admits, however, that "for most purposes it may be unnecessary to
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treat these varieties separately." These data established the need for
researchers dealing with hand preference to treat variations as continu-
ous rather than dichotomous. Annett suggested that the best way to make
this assessment was to use the six primary tasks and check for inconsis-
tency of hand preference responses.
The survey employed by Briggs and Nebes (1975) included all twelve
tasks and further modified Annett' s inventory by adding a strength of
preference scale. They tested this instrument on sixteen hundred Duke
University undergraduates and scored the results in accord with Annett'
s
method as well as with their modifications. The resulting classifica-
tion of respondents as 'left', 'mixed', or 'right' was identical for
both scoring systems. Table 2 shows the results of their survey.
TABLE 2
THE DISTRIBUITON OF HANDEDNESS IN DUKE UNDERGRADUATES
Left-Hand ed % Mixed % Right-handed %
Males 74 (08.9) 47 (05.7) 710 (85.4)
Females 72 (09.4) 37 (04.8) 659 (85.7)
Total s 146 (09.1) 84 (05.2) 1369 (85.6)
The Briggs and Nebes modification of Annett' s survey is employed
in this study using all twelve uniinanual tasks and the strength of
preference choice. By comparing the results obtained at both Bunker
Hill and North Shore Community Colleges with those obtained at Duke
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University the hypothesis that community colleges have a high percent of
non-dextrals is evaluated.
Academic Placement
The three dependent variables of scores on reading comprehension,
sentence structure, and logical relationships are assessed by using the
Descriptive Tests of Language Skills of the College Board.
The Reading Comprehension Test (Test 1 ZDT 430034 S78)) contains
forty-five questions which are to be answered in thirty minutes. They
measure the respondents' ability to understand main ideas and direct
statements, and to draw inferences.
The Sentence Structure Test (Test 5 ZDT 430042 S78) measures the
ability to use complete sentences, to place modifiers appropriately, and
to use subordination and coordination properly. The test contains
thirty-five questions and has a time limit of thirty minutes.
The Logical Relationships Test (Test 2 ZDT 20602 S77) assesses the
ability to relate ideas to each other logically. There are fifty ques-
tions which require the testee to categorize ideas, to use appropriate
connectives, to make analogies, and to recognize principles of organiza-
tion. This test also has a time limit of thirty minutes.
North Shore Community College required each new student for the
Fall semester to report to one of several summer testing and orientation
sessions prior to matriculation. The three tests described above along
with a mathematics placement test and the handedness inventory were
administered in the morning session. In the afternoon, the tests--save
51
the handedness survey--were scored and evaluated. The results were used
in advising the students on initial course registrations.
Several studies have been conducted in an attempt to relate cere-
bral laterality to differences in educational abilities. Clark (1970)
related laterality to backwardness in reading; Stephans (1967), to
reading readiness; Reed and Smith (1962), to writing speed; Brenner and
Gillman (1966), to visuo-motor ability; and Allison (1966), to several
scholastic achievements. They all failed to establish any significant
rel ationships.
However, when researchers have dealt with disabled populations
they have frequently found a higher incidence of left or mixed hand-
edness than would be found in a comparable non-di sadvantaged group.
Gordon (1921) found such a di sproportional ity in children with subnormal
intelligence; Naidoo (1972), in children with dysxlexia; and Merely
(1972), with other types of speech defects. When groups with clear
educational difficulties are tested there seems to be an increase in the
proportion of subjects with sinistral tendencies.
In summary, research to date has not found a relationship between
laterality and academic ability when measuring the normal population of
students, but has often found a disproportionate sinistral representa-
tion when sampling the educationally disadvantaged. Marion Annett and
Ann Turner (1974) conducted a study in which they compared a random
sample of right-handed chidren with a population sample of left-handed
children on the variables of vocabulary, drawing, and maze tracing.
There were no differences in the performances of the two groups when the
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data ’.vere analyzed for all subjects. But v^en they examined those
students who scored lowest in the ability distribution they found an
increased proportion of left-handers.
The hypothesis that no differences exist in placement test scores
between laterality groups tested at North Shore is evaluated in three
ways: the overall scores, and the proportional laterality representation
at both ends of the ability spectrum. The literature suggests that no
significant differences will be found in the overall analysis of reading
comprehension, sentence structure, or logical reason. However, when the
low scores are analyzed there should be a small increase in sinistral
representation. The literature provides no clues on what to expect from
an analysis of high ability community college students.
Program of Study
Several studies have attempted to show that left-hanbers have a
penchant for certain careers or extraordinary facility in certain educa-
tional skills. Most have failed to find any significant differences: in
musicians (Oldfield, 1969); in singers (Bever & Chiarello, 1974; Byrne,
1973); and motor control (Diamond, 1970); and in a variety of cognitive
tasks (Newcombe & Ratcliff, 1973).
On the other hand, Peterson and Lansky (1974, 1977) found a higher
proportion of non-dextrals among architects and architectural students.
Not only were there proportionally more of them, they performed
better
both in school and on predictive tests. Tlie left-handed architectural
students had a more than ten percent higher successful
completion rate.
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Edith Kaplan, a psychoneurologist at the Veterans' hospital in Boston
will be publishing a paper shortly showing that sinistrals have a higher
than expected representation in art, sculpture, and related fields.
Without presenting corroborating data, Shelton (1976), citing ubiqui-
tous "reliable sources," claims a higher than expected average of
left-handed doctors. A preponderance which is "greater than in most
other professions (professional baseball may be an exception)."
Between them. North Shore and Bunker Hill Community Colleges offer
over forty programs of study. These are consolidated under six broad
categories: transfer, business, health, service, visual-arts, and
science technology. Each college offers programs in five of these six
categories. Bunker Hill lacks the science technologies and North Shore
the visual-arts.
A supplemental question on the handedness survey asks the respon-
dents to give their intended program of study or major. These data are
to be matched against each of the three laterality categories. The
literature suggests that the visual-arts program at Bunker Hill is the
most promising category for finding a highly disproportionate represen-
tation of left or mixed-handers.
Reasoning Style
Just as North Shore Community College employs the College Board's
descriptive tests. Bunker Hill Community College uses an abbreviated
reasoning styles assessment (Appendix B) to help place students in
courses which have differing modes of instruction.
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While this instrument has yet to be formally validated, Ms. Tenor,
the Learning Center's director, has been using the questionnaire for the
past eight years and is convinced of its efficacy.
The respondents are asked to indicate to what degree (rarely,
sometimes, or usually) they employ different strategies in thinking and
problem solving. Three questions relate to each of the five different
reasoning styles: differences, appraisal, magnitudes, relationships, and
deductive. The scores on any given style can range from a low of three
(3 "rarely" replies) through nine (3 "sometimes" replies) to a high of
fifteen (3 "usually" replies). The pattern of preferences among these
five reasoning styles determines the suggested ab il i ty/teacher inter-
action.
The literature in this area is of no help in predicting the re-
sults of the hypothesis posting laterality preference against cognitive
style. But if cerebral laterality holds any promise of serving as a
variable capable of synthesizing the many different cognitive schemata,
there should be a differential pattern preference in the non-dextral s.
This hypothesis receives tangential support from the work of Cullen
(1980) and Pizzamiglio (1974) both of whom found a positive relationship
between left-handedness and field dependence.
Sex and Handwriting Posture
After an overall analysis of the 'left', 'mixed', and 'right'
laterality categories on the dependent variables of placement test
scores, program of study choice, and learning style is completed.
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the analysis is repeated blocking the data for both sex and hand-
writing posture.
As was shown in the literature review in Chapter II, women in
general are less lateralized than men, and a hooking writing posture
indicates ipsilateral hemispheric language representation. When this
occurs. Levy (1977) hypothesizes, with research support, you have an
"educational specialist" who will find some learning tasks extremely
difficult and others very easy depending upon the amount of hemispheric
interference or facilitation.
This last data analysis attempts to strengthen this hypothesis on
the selected dependent variables, all of which are biased towards the
normal left hemisphere.
Data Collection and Subjects
Over fifteen hundred students took the handedness inventory;
close to seven hundred at each of the community colleges. Both colleges
ran several testing sessions throughout the 1980 summer months. At
North Shore Community College the students score their own placement
tests in small groups under the direction of Learning Center personnel.
The scores for reading comprehension, sentence structure, and logical
relationships are recorded by the student on two copies of an in-house
assessment profile. One copy, along with the corrected tests, is placed
in a student folder and housed in the Learning Center. These test
scores vvere copied on to the students' handedness surveys by the re-
searcher who also scored the handedness survey. This resulted in four-
teen bits of data on each student as shown in Table 3.
TABLE 3
DATA COLLECTED ON NORTH SHORE COMMUNITY COLLEGE STUOENTS
Item Designation Possible Score Range
Student Number 0-N.S.C.C. 0001 - 0999
Sex a«Male 0 or 1
Handwriting Posture l*Hooker 0 or 1
Laterality Score 0-1 5-Left
16-32-M1 xed
33-48-Right
0-48*
Laterality Category
0-
Right
1
-
Mi xed
2-
Left
0-2
Program of Study
0-
Mi ssing
1-
Transfer
2-
8usiness
3-
Health
4
Service
5-
Graphic Arts**
Science Technol
0-6
ogies***
Reading Comprehension
(RC)
0-20 Remedial
21-40 Average
41-45 Superior
0-45
RC Category
0-
Remedial
1-
Average
2-
Suoerior
Sentence Structure
(SS)
0-20 Remedial
21-30 Average
31-35 Superior
0-35
SS Category
0-
Remedial
1-
Average
2-
Superior
0-2
Logical Relationships
(LR)
0-30 Remedial
31-45 Average
46-50 Superior
0-50
LR Category 0-fiemedial
l=Average
2-Suoerior
0-2
Total English
(TE* SS*LR)
0-50 Remedial
51-75 Average
76-85 Superior
0-85
TE Category 0-Remedial
l»Average
2-Superior
0-2
» Original Scoring tnethoa range = -24 to *24. Twenty-four points were
added to all scores to eliminate minus figures.
** Not offered at North Shore.
•**Not offered at Bunker Hill.
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At Bunker Hill Community College the Learning Style Inventory is
corrected by the Learning Center Staff and the results transposed to the
completed handedness inventories. The data for these students were coded
the same as for the North Shore students with the following exceptions:
TABLE 4
DATA COLLECTED ON BUNKER HILL COMMUNITY
COLLEGE SUBJECTS
Item Designation Possible Score Range
Student Number
Reading Comprehension
Sentence Structure
Logical Relationships
Total English
Differences Style
3-6 Low (0)
7-12 Ave. (1)
13-15 High (2)
1000 - 1999
Not applicable
Not applicable
Not applicable
Not applicable
3-15
Appraisal Style Same as above 3-15
Magnitudes Style Same as above 3-15
Relationships Style Same as above 3-15
Deductive Same as above 3-15
All data were recorded on tally sheets and from there punched
onto machine readable cards from which the various analyses were made.
Data Analyses
Due to the exploratory nature of the research several comparisons
are made between variables.
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In order to determine if the students attending community colleges
have a higher incidence of non-dextrals than "traditional" colleges, the
data collected at North Shore and Bunker Hill Community colleges are
compared with those found at Duke University. The obtained community
college frequencies of left, mixed, and right handedness are compared
with the expected frequencies found at Duke University using the same
instrument scored in the same way. In addition, a second chi2 analy-
sis of laterality distribution is made between the two community col-
leges to see if there are differences between an inner city population
with a high percentage of minority students (B.H.C.C.) and a more nearly
all-white suburban population (N.S.C.C.).l
The second hypothesis checks whether laterality is a factor in
differential choice of program of study. A chi^ analysis is used to
compared the right-handed program choices (expected) with those of the
left and mixed-handedness groups (observed). In conducting this analy-
sis, where possible, the data from the two community colleges are merged
and treated as one population.
The third hypothesis utilizes multivariate analyses of variance,
compensating for unequal cell sizes and variances, to determine if
iThe following ethnic data on Fall 1980 student bodies were
reported by each college to the Federal Government:
N.S.C.C. B.H.C.C.
Cauc asion 97.T4r 86.W
B1 ack 1.67 7.30
Hi spanic .09 1. 57
Asian American .08 .99
Other .71 2.09
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students in the three laterality categories perform differentially on
the academic placement tests. In addition, a chi^ analysis is made to
find out if non-dextrals have a di sproportional representation in the
"remedial" and/or "superior" categories for each of the three tests.
The use of both the parametric multivariate analyses and the non-
parametric chi 2 using the right-handed responses as the expected
values is justified by the nature of the data obtained.
Finally, a series of Pearson Product moment correlation coef-
ficients show to what extent the tests on reading comprehension,
sentence structure and logical relationships are measuring independent
abilities. The data analyzed in testing this hypothesis were all ob-
tained at North Shore Community College.
The fourth hypothesis calls for a comparison of laterality
categories and learning styles on data obtained from Bunker Hill
Community College students. Exactly the same statistical procedures and
caveats are followed in analyzing these data as in treating the North
Shore data just described.
The fifth hypothesis which evaluates the effects of both sex and
handwriting posture, and their possible interaction, calls for a
factorial analysis of variance on the test scores, and a chi^ analysis
on program of study choice.
All parametric analyses are made using the S.P.S.S. programs at
the University of Massachusetts' computer facility.
CHAPTER IV
RESULTS
Introduction
A total of 1541 community college students who had been assessed
as right, mixed or left-handed performers are compared on the dependent
variables of program of study choice, placement test scores, preferred
learning style, and frequency of non-dextral i ty
.
The data analyses are designed to serve several purposes as well
as to confonm to the kinds and numbers of observations made in all the
possible subject categories of test scores., handedness, sex, and hand-
writing posture.
The first analysis employs a series of chi 2 comparisons of hand-
edness distributions matching Duke University undergraduates with stu-
dents entering two Massachusetts community colleges.
A second series of chi^ comparisons matches handedness with
elected programs of study for both male and female subjects at each com-
munity college.
Possible main effects and interactions of the independent vari-
ables on the placement tests and learning style scores are assessed
using multivariate analyses of variance corrected for unequal cell sizes
and unequal variances. These analyses are supplemented with univariate
analyses where appropriate, and with non-parametric comparisons when
dictated by small cell populations.
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The data in this chapter are presented segmental ly in relation to
the bearing on each of the tested hypotheses. The final section dis-
plays data which bear on previous research done in this area (Chapter
II) as well as possible future research (Chapter V).
Handedness Distribution of Community College vs.
Traditional College Student?
Table 5 compares the number and percent of right, mixed, and
left-handed students enrolled in introductory psychology courses at Duke
University over a two-year period (Briggs & Nebes, 1975) with a like
number of community college entrants.
TABLE 5
DISTRIBUTION OF HANDEDNESS IN TWO STUDENT SAMPLES: DUKE UNIVERSITY
AND MASSACHUSETTS COMMUNITY COLLEGES
Duke University Community Colleges
Handedness # % # %
Left 74 8.9 42 6.6
Mixed 47 5.7 55 8.7 Male
Ri ght
Total
710W 85.4100 536633 84.7100
Left 72 9.4 99 10.9
Mi xed 37 4.8 39 4.3 Femal
e
Right 659 85.8 770 84.8
Total 7^ 100 908 100
Left 146 9.1 141 9.2
Mixed 84 5.3 94 6.1 All
Ri ght 1369 85.6 1306 84.8
Total nw 1150“ TOT 100
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Using the distributions of handedness found at Duke University as
the expected frequencies, chi^ analyses are performed for all, male,
and female distributions found in the community college sample. These
data are summarized in Table 6,
TABLE 6
EXPECTED VS. OBSERVED FREQUENCIES OF HANDEDNESS
IN A COMMUNITY COLLEGE SAMPLE
Left Mi xed Ri ght chi2{df=2)
All 0= 141 94 1306 2.3
E= 140.7 80.9 1319.4
Male 0= 42 55 536 14.0*
E= 56.3 35.8 540.8
Femal
e
0= 99 39 770 2.9
E= 85.2 43.8 779.2
*p=<.001
Tables 7 and 8 show the distributions of observed handedness at
each of the community coll eges. The Duke University frequencies are
used to determine the expected val ues.
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TABLE 7
EXPECTED VS. OBSERVED FREQUENCIES OF HANDEDNESS
AT NORTH SHORE COMMUNITY COLLEGE
Left Mixed Right chi2{clf=2)
A1
1
0= 78 46 739
.01
(N=863) E= 78.8 45.3 738.9
Male 0= 17 21 278 5.18
(N=316) E= 28.1 17.9 270
Female 0= 61 25 461 2.05
(N=547) E= 51.3 26.4 469.4
TABLE 8
EXPECTED VS. OBSERVED FREQUENCIES OF HANDEDNESS
AT BUNKER HILL COMMUNITY COLLEGE
Left Mixed Right chi2(df=2)
A1 1 0= 63 48 567 4.63
(N=678) E= 61.9 35.6 580.5
Male 0= 25 34 258 24.0*
(N=317) E= 28.2 15.3 272
Female 0= 38 14 309 1.16
(N=361) E= 33.9 17.4 309.8
*p=<.001
I
64
Handedness and Elected Program of Study
Both North Shore and Bunker Hill Community Colleges offer several
programs of study (Chapter III) which have been condensed into four
commonly shared clusters: Transfer, Business, Health, and Service. In
addition. North Shore offers Technology programs and Bunker Hill has
Graphic Arts programs.
Table 9 gives the number and percentage of students electing the
programs of study that are common to both colleges.
TABLE 9
COMMUNITY COLLEGE ELECTED PROGRAMS OF STUDY
Transfer Business Health Service Total
s
# % # % # % § % #
Mai e 248 47 151 29 30 06 96 18 528
Female 277 35 301 157 66 08 801
Total 525 40 452 34 187 14 162 12 1329
Of the 1329 respondents who indicated their intended program of
study 85.61 percent of the men were right-handed, 8.52 percent mixed,
and 5.87 percent were left-handed. The percentages for the females were
84.91, 4.36, and 10.73 respectively. These percentages are used to
calculate the expected frequencies shown in Tables 10 and 11.
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TABLE 10
FEMALE EXPECTED VS. OBSERVED FREQUENCIES OF HANDEDNESS
FOR ELECTED PROGRAMS OF STUDY
Transfer Business Heal th Se rvice chi2(df=3)
Left 0= 22 35 17 6 2.16
{N=80) E = 27.5 29.9 15.6 6.6
Mi xed 0= 14 12 2 5 5.51
(N=33) E= 11.6 12.6 6.6 2.8
Right 0= 231 254 138 55 .27
(N=678) E= 235.2 255.6 133.3 56
MALE EXPECTED
FOR
TABLE 11
VS. OBSERVED FREQUENCIES OF HANDEDNESS
ELECTED PROGRAMS OF STUDY
Transfer Busi ness Heal th Se rvice chi2(df=3)
Left 0= 16 8 1 6 .69
(N-31) E = 14.5 8.9 1.9 5.7
Mi xed 0= 20 17 1 7 2.78
(N=45) E= 21 12.8 2.7 8.6
Right 0= 212 129 28 83 .01
(N=452) E= 212.3 129.3 25.7 82.2
At North Shore Community College 42 males and 23 females elected
programs of study in the Technical area. The two sexes are combined in
order to avoid excessively low expected cell frequencies. These data
are presented in Table 12.
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TABLE 12
EXPECTED VS. OBSERVED FREQUENCIES OF HANDEDNESS
ELECTING TECHNOLOGY PROGRAMS
Handedness Expected Observed chi 2(df=2
)
Left 5.2 3
Mixed 3.8 7 3.5
Ri ght 56.3 55
At Bunker HilL Community College 69 students (56 males and 13
females) elected programs of study in the area of Graphic Arts.
Ignoring sex differences, the data are summarized in Table 13.
TABLE 13
EXPECTED VS. OBSERVED FREQUENCIES OF HANDEDNESS
ELECTING GRAPHIC ARTS PROGRAMS
Handedness Expected Observed chi2(df=2)
Left 5.8 7
Mixed 6.5 8 .72
Right 56.7 54
Handedness and Academic Placement Test Scores
In assessing whether the independent variables in this study are
significant factors in placement test performance, it is necessary to
determine the degree of relationship among the three tests. Pearson
product moment correlations were obtained which indicate a fairly strong
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relationship between Reading Comprehension (RC) and Logical Relation-
ships (LR), r=.70. Less strong but significant relationships exist be-
tween Reading Comprehension and Sentence Structure (SS), r=.56 and be-
tween SS and LR, r=.54.
Multivariate analyses of variance employing three designs to cor-
rect for vastly different cell sizes were run to ascertain the effects
of handedness category and sex on reading comprehension, sentence struc-
ture, and logical relationships. The third independent variable of
handwriting posture is not included in these analyses as the resultant
small cell sizes invalidated this data treatment.
The multivariate analyses of variance yield a significant F ratio.
Subsequent univariate analyses indicate a highly significant (p=<.001)
superior performance for females on the sentence structure test, ft)
significant differences are observed for either reading comprehension or
logical relationships.
While females scored significantly higher on the Sentence Struc-
ture test, the multivariate analyses show no significant interaction
effects with the handedness categories.
Handedness and Learning Style Scores
Unlike the academic placement tests given at North Shore
Community College, the Learning Style Inventory administered to incoming
students at Bunker Hill Community College has no right answers. It
measures self-perceptions of preferred ways of receiving and processing
info rmation.
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Pearson product moment correlations were obtained for the five
learning styles measured. These are displayed in Table 14.
TABLE 14
CORRELATIONS AMONG LEARNING STYLES
Apprai sal Magnitudes Relationships Deduction
Di fferences .12 .04 .16 .12
Apprai sal .14 .20 .08
Magnitudes .10 .17
Relationships .13
The data on Learning Styles were analyzed in the same way as the
placement test scores: Univariate and multivariate analyses of variance
check for the main effects of handedness category and sex, and their
possible interactions. Again the independent variable of handwriting
posture is excluded by reason of cell populations of less than ten.
The multivariate analyses produced a significant F ratio, which
subsequent univariate analyses demonstrate to be a higher (p=<.05)
female score on the "Differences" learning style. Other than this
higher preference score for women, there are no other main effects or
significant interactions among sex and handedness category.
Re-examination of Hypotheses with All Three Independent
Variables Considered
1. Handedness distribution in a community college sample. Since
the
study at Duke University did not collect information on the
incidence of
handwriting posture, no comparison is possible. Table 15 shows
the
69
TABLE 15
HANDEDNESS, SEX, AND HANDWRITING POSTURE COMPARED
IN TWO COMMUNITY COLLEGE SAMPLES
Category % N.S.C.C. % B.H.C.C.
# Subjects 863 678
Males 63.3 46.8
Femal es 36.6 52.2
Left-handed 9.0 9.3
Mi xed-handed 5.3 7.1
Right-handed 85.6 83.6
Left-handed males 2.0 3.7
Left-handed females 7.1 5.6
Mixed-handed males 2.4 5.0
Mixed-handed females 2.9 2.2
Right-handed males 32.2 38.1
Right-handed females 53.4 45.6
Left-handed males, no hook 1.0 2.1
Left-handed males, hook .9 1.6
Left-handed females, no hook 5.
0
4.0
Left-handed females, hook 2.1 1.6
Mixed-handed males, no hook 1.6 1.9
Mixed-handed males, hook .8 3.
1
Mixed-handed females, no hook 2.7 1.
3
Mixed-handed females, hook .2 .9
Male hooks 1.7 4.7
Female hooks 2.3 2.
5
“7 O
Hooks 4*1 7.2
the comparative frequencies of all possible sex, handedness, and hand-
writing postures observed in each of the community colleges surveyed.
While Bunker Hill Community College has a slightly higher pro-
portion of non-dextral students (16.37% vs. 14.37%), the more striking
difference occurs in the much higher percentage of hookers in their
mixed-handed population. These data are displayed in Table 16.
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TABLE 16
COMPARISON IN THE INCIDENCES OF INVERTED HANDWRITING POSTURE
IN NON-DEXTRAL COMMUNITY COLLEGE STUDENTS
No. Shore Com. College Bunker Hill Com. Coll eqe
Sex/ Category Total Hookers % Total Hookers %
Male, left 17 8 47 25 11 44
Female, left 61 18 30 38 11 28
Male, mixed 21 7 33 34 21 62
Female, mixed 25 2 08 14 6 43
Total
s
124 35 28 111 49 44
2. Handedness distribution and elected program of study. Table 17
shows the percentage of 223 non-dextrals who indicated a preferred
program of study.
PERCENTAGES OF
TABLE 17
STUDENTS ELECTING COMMON PROGRAMS OF STUDY
Program All Non-Dextrals Hookers Non-Dextral , No Hooks
Transfer 40 37 44 31
Business 34 37 41 34
Heal th 14 19 17 19
Service 12 08 07 08
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At Bunker Hill Community College 56 males elected programs of
study in the area of Graphic Arts. Sixteen of these were non-dextrals
.
This 27 percent representation is far in excess of their 8.7 percent
representation in the total male population (chi2=23.5,p=<.001).
Further analysis of this significant difference shows handwriting
posture and handedness category displayed differential effects. This
phenomenon is shown in Table 18.
TABLE 18
EXPECTED VS. OBSERVED NON-DEXTRAL MALES
ELECTING GRAPHIC ARTS PROGRAMS
Left-handed Mi xed-handed
Hook No Hook Hook No hook chi 2(df=3)
E= .9 1.2 1.7 1.1 43.0 **
0*= 5.0 3.0 1.0 7.0
* Yate's correction for small expected values.
**p=<.001
3. Handedness and academic placement test performance. Differential
performance by handedness, sex, handwriting posture groupings would
necessarily manifest themselves in either or both deviant mean scores
and disparate variances. Tables 19 and 20 show the standard mean scores
for each grouping on each of the three placement tests.
TABLE 19
MALE MEAN STANDARD SCORES FOR NON-DEXTRALS ON
ACADEMIC PLACEMENT TESTS
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Test (X, S.D.)
Left--handed Mi xed-handed
Hook No Hook Hook No hook
RC (32.5, 7.0) .54 .10 -.67
.31
SS (21.4, 6.2) .26 .08 -.16
-.21
LR (36.7, 7.6) .43 -.05 -.33 .08
FEMALE
TABLE 20
MEAN STANDARD SCORES FOR NON-
ACADEMIC PLACEMENT TESTS
-DEXTRALS ON
Left-handed Mixed-handed
Test (X, S.D.) Hook No Hook Hook No hook
RC (33.8, 6.6) .14 -.08 .03 -.35
SS (24.3, 5.7) -.07 -.18 .12 .02
LR (38.4, 7.5) .21 -.12 .11 -.23
In order to investigate the extreme ranges of both mean scores
and variances observed among the different classifications, each subject
is placed in a high, average, or low category on each test. The
criteria employed are given in Chapter III. Such a procedure allows
Chi 2 analyses of test performances with the subjects classified by
handedness, sex, and handwriting posture.
The expected cell frequencies appearing in Tables 21 and 22 are
calculated from the number of students actually classified as high
ii
or low performers on each test; i .e.
,
if 100 students were classed as
low performers, 4.1 would be expected to be left-handed, non hooking
females for that is their representation in the population tested.
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TABLE 21
EXPECTED VS. OBSERVED INCIDENCES OF HIGH PERFORMANCE ON ACADEMIC
PLACEMENT TESTS WITH SUBJECTS CLASSIFIED BY HANDEDNESS
SEX, AND HANDWRITING POSTURE
Independent
Variables % of Pop.
Readi ng
Comp.
Sentence
Structure
Logical
Relation.
1
0*
0* 0*
Male
Left-Hook 02.0 2.0 3 1.4 2 2.2 5
Left-No Hook 01.6 1.6 1 1.1 1 1.8 2
Mixed-Hook 00.7 .7 0 .5 1 .7 0
Mixed-No Hook 00.8 .8 2 .6 1 .9 0
Right-No Hook 31.8 30.5 38 21.8 9 34.6 24
Female
Left-Hook 01.6 1.6 0 1.1 0 1.8 3
Left-No Hook 04.1 3.9 5 2.8 1 4.4 8
Mixed-Hook 00.5 .5 0 .4 0 .6 1
Mi xed-No Hook 00.8 .8 2 .6 3 .9 1
Right-No Hook 54.4 52.2 45 37.5 51 59.3 65
N= 96 69 109
chi2= (df=9) 5.475 20. 30* 8.83
* Yate's correction for small expected values.
**p=<.05
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TABLE 2 2
EXPECTED VS. OBSERVED INCIDENCES OF LOW PERFORMANCE ON ACADEMIC
PLACEMENT TESTS WITH SUBJECTS CLASSIFIED BY HANDEDNESS
SEX, AND HANDWRITING POSTURE
Read ing Sentence Logical
Independent Comp. Structure Relation.
Variables % of Pop. E ~T
0*
T IF
Male
Left-Hook 02.0 .7 0 4.8 5 2.5 3
Left-No Hook 01.6 .6 0 3.8 3 2.0 3
Mi xed-Hook 00.7 .2 1 1.6 3 .8 1
Mixed-No Hook 00.8 .3 2 1.9 1 1.0 1
Right-No Hook 31.8 11.1 13 74.3 107 38.4 41
Female
Left-Hook 01.6 .6 0 3.8 4 2.0 1
Left-No Hook 04.1 1.4 0 9.5 10 4.9 8
Mi xed-Hook 00.5 .2 0 .4 0 .6 1
Mixed-No Hook 00.8 .3 1 .6 3 .9 1
Right-No Hook 54.4 19.0 18 127.3 96 65.8 60
N = 35 232 121
chi 2= (df=9) 8.7 23.4'kic 4.72
* Yate's correction for small expected values.
**p=<.01
4. Handedness and learning style inventory scores . These data are
treated in exactly the same fashion as the data collected on placement
test scores. Tables 23 and 24 show the standard mean scores for
each
grouping on each of the 5 learning styles.
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TABLE 23
MALE MEAN STANDARD SCORES FOR NON-DEXTRALS ON
PREFERRED LEARNING STYLES
Test (X, S.D.)
Left-handed Mi xed- handed
Hook No Hook Hook No hook
Diff. (8. 7,2.3) .00 -.35
-.30
.13
App. (10.8,2.3) .22 -.30
-.04
.09
Mag. (11.1,2.7) .07 -.15
-.41
-.11
Rel. (11.2,2.7) -.07 -.41
.11 -.19
Ded
.
(9. 2,2.9) .24 .24 -.07
-.14
TABLE 24
FEMALE MEAN STANDARD SCORES FOR NON-DEXTRALS ON
PREFERRED LEARNING STYLES
Test (X, S.D.)
Left-handed Mi xed-handed
Hook No Hook Hook No hook
Di ff. (9.1, 2. 5) .56 .40 -.32 -.04
App. 11.0,2.0) .45 .30 .35 .00
Mag. (11.1,2.5) -.12 -.32 -.16 -.04
Rel
.
(11.2,2.6) .42 .31 .19 .08
Ded. (9.3, 2. 6) .38 -.15 -1.00 .38
i
76
TABLE 25
EXPECTED VS. OBSERVED INCIDENCES OF HIGH PERFORMANCE ON PREFERRED
LEARNING STYLES WITH SUBJECTS CLASSIFIED BY HANDEDNESS
SEX, AND HANDWRITING POSTURE
Independent
Variables % of Pop
Diff.
_ _
App_._
_ _
Mag
1
. Rel
.
Ded.
. ^ E 0* E 0* E 0* E 0*
Mai e
Left-Hook 01.1 .9 1 2.5 5 2.9 4 3.2 7 1.1 1
Left-No Hook 01.1 .9 2 2.5 3 2.9 3 3.2 4 1.1 1
Mi xed-Hook 01.2 1.0 0 2.9 3 3.3 3 3.6 5 1.2 1
Mixed-No Hook 04.0 3.3 0 9.4 8 10.6 11 11.7 10 3.9 2
Right-No Hook 39.6 32.5 21 93.5 86 105.7 108 116.8 113 39.2 39
Female
Left-Hook 01.4 1.1 3 3.3 7 3.7 7 4.1 7 1.4 3
Left-No Hook 02.1 1.8 7 5.1 6 5.7 15 6.3 14 2.1 4
Mi xed-Hook 00.9 .8 1 2.2 2 2.5 4 2.7 4 .9 0
Mixed-No Hook 01.4 1.1 2 3.3 2 3.7 5 4.1 5 1.4 2
Right-No Hook 47.3 38.8 45 111.5 114 126.2 124 139.4 128 46.8 43
N= 82 236 284 297 99
chi2= (df=9) 32.1** 6.0 16.8 14.7 3.9
* Yate's correction for small expected values.
**p=<.001
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TABLE 26
EXPECTED VS. OBSERVED INCIDENCES OF LOW PERFORMANCE ON PREFERRED
LEARNING STYLES WITH SUBJECTS CLASSIFIED BY HANDEDNESS
SEX, AND HANDWRITING POSTURE
Inde pendent
Variables % of Pop
Diff. App • Mag. Rel • Ded.
0* E 0* E 0* c 0* 0*
Male
Left -Hook 01.1 .8 2 .2 0 .3 2 .3 1 .9 1
Left-No Hook 01.1 .8 1 .2 2 .3 0 .3 0 .9 0
Mixed-Hook 01.2 .9 1 .2 0 .3 0 .3 1 1.0 3
Mixed-No Hook 04.0 2.9 5 .6 0 1.0 1 1.0 2 3.3 1
Right-No Hook 39.6 28.9 23 5.5 8 9.9 8 10.3 10 32.9 37
Female
Left -Hook 01.4 1.0 1 .2 0 .4 0 .4 0 1.2 1
Left-No Hook 02.1 1.6 6 .3 0 .5 2 .6 0 1.8 2
Mixed-Hook 00.9 .7 1 .1 0 .2 0 .2 0 .8 3
Mixed-No Hook 01.4 1.0 1 .2 0 .4 3 .4 0 1.2 1
Right-No Hook 47.3 34.5 32 6.6 4 11.8 9 12.3 12 39.2 34
N= 73 14 25 26 83
chi 2= (df=^9) 13.6 14.7 9.1 1.8 8.0
* Yate's correction for small expected values.
i
CHAPTER V
CONCLUSIONS AND IMPLICATIONS
This chapter is divided into two sections. The first focuses on
the research findings in relation to each of the five hypotheses under
study as well as to previous research findings. The second section dis-
cusses areas and concerns for future research in light of the present
findings.
Research Findings
Handedness distribution of community college vs. traditional college
students . The first hypothesis posts no significant differences in
either the direction or strength of cerebral laterality between a sample
of community college students and Duke University undergraduates
enrolled in introductory psychology courses.
When the combined results obtained at North Shore and Bunker Hill
Community Colleges are compared with the profiles of Duke University
undergraduates, overall differences in handedness distributions are non-
significant. However, when these data are blocked for sex, highly
significant differences are observed for males. It is not the often-
rumored excessive presence of right-brained (left-handed) students in
the community colleges which makes the difference; rather, it is the
preponderance of weakly lateral ized (mixed-handed) male students.
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A canparative analysis at each of the community colleges shows
this difference does not exist at North Shore Community College where,
overall, there is an amazing concordance with the Duke University
sample. The community college women show a non-significant excess of
left-handers, and the males a non-significant under-representation.
The same analysis at Bunker Hill Community College shows no over-
all significant differences, but the concordance with Duke University is
much lower than it was at North Shore Community College. The females
show a small non-significant over-representation of left-handers and an
under-representation of mixed-handers. The highly significant dif-
ferences occur in the male sample, where the observed frequency of
mixed-handedness is over twice the expected number.
These findings generally support the null hypothesis of no dif-
ferences in laterality distributions between the community college and
"traditional" college samples. When the data are blocked for sex,
however, there is a significantly higher proportion of male mixed-
handedness in the community college sample. This anomalous finding does
not appear in the data on North Shore Community College males, but ob-
tains at Bunker Hill Community College only.
North Shore Community College, located in the relatively affluent
suburb of Beverly, caters to a predominately white, middle-class con-
stituency. The sample tested at this college comes from a student body
which is over 97% Caucasian.
In sharp contrast. Bunker Hill Community College is an inner-
city institution catering to a much less homogeneous population. The
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statistics reported for the Fall of 1980 show 11% lower Caucasian rep-
resentation and a much broader mix of all classes of minority students.
The greater incidence of weakly lateral ized males in a college
population with a higher percentage of minority students supports the
findings of tenHouten et al
.
(1977) and other researchers who have
reported both a higher incidence of "apposi tional" thinking and non-
dextrality in minority populations. Their research, however, only
classified their subjects as right-handed or not right-handed and took
no cognizance of difference between mixed and left-handedness. Addi-
tionally, they did not block their data to test for the possibility of
sex differences. Since, in this study, the higher preponderance of
non-dextral i ty occurs only in males with mixed laterality it may well be
that these previous reports of non-dextral differences in minorities may
only apply to a sub-set rather than the whole population. Since no
demographic data were gathered from the subjects in this study, this
possibility must wait for later confirmation.
Handedness and elected program of study . The second data analysis
checks to see if students with differing laterality (left, right or
mixed) enrolled in different programs of study.
The four categories of programs of study: Transfer, Business,
Health, and Service, display no significant differences for either sex
when compared by handedness category.
While the data fail to reach statistical significance at North
Shore Community College in handedness groups electing technology
programs, there is a large (55%) over-representation of mixed-
handedness which might well have achieved significance had the sample
si ze been larger.
81
Similarly, at Bunker Hill Community College no significant dif-
ferences are found in the handedness categories electing graphic arts
programs of study. There is, however, a strong trend showing a pro-
clivity for a disproportionate number of non-dextrals to elect these
programs. The data give every reason to believe that this would have
been a significant relationship had the sample sizes been larger.
While some other researchers [Peterson and Lansky (1974,1977),
Shelton 1976)] found significant differences in handedness and oc-
cupational choice, this investigation, perhaps due solely to small sam-
ple sizes, must join the ranks of the preponderance of other research
reports (Oldfield, 1969; Bever and Chiarello, 1974; Byrne, 1973; Newcomb
and Ratcliff, 1973) which failed to find significant differences.
Handedness and performance scores . The third hypothesis postulates no
differences between the three handedness categories and scores on
academic placement tests measuring performance in reading comprehension,
sentence structure and logical relationships. A fourth hypothesis pre-
dicts no differences in preferred learning styles.
The multivariate analyses of variance blocking on the independent
variables of handedness and sex show a significant female superiority on
the sentence structure test. There is, however, no significant inter-
action between sex and handedness category.
A similar series of analyses at Bunker Hill Community College on
preferred learning styles exhibits a significantly higher female
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preference for "Differences" type of infomiation processing. Again,
there are no significant interactions between sex and handedness
category.
Many research reports in this field show non-dextrals at a
significant disadvantage on a wide array of measures running from motor
precision (Kimura and Vanderwolf, 1970) to facility in reasoning (Hicks
and Beveridge, 1978). Hypotheses three and four compare handedness
category with scores on eight different dependent variables (three
placement tests, and five learning styles) and in no instance find
significant differences among right, left, and mixed-handedness.
Re-examination of previous findings with the additional independent
variable of handwriting posture . The fifth and last hypothesis reviews
the data on the earlier hypotheses blocking for handedness category
(left, right, or mixed), sex, and hooking or non-hooking handwriting
posture.
This variable was not included in the original analyses either due
to the absence of comparative criteria (Duke University) or because,
when blocked for all three independent variables, expected cell fre-
quencies regularly fell to less than one.
Tables 16 through 26 display the data for each of the five
hypotheses blocking for all three independent variables. While this is
a legitimate exhibit, it would be incorrect to extrapolate significant
relationships. Both the small sample sizes and the necessary ex-post-
facto nature of the analyses reduce the gleanings to possibilities which
must await verification by further research.
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Differences between independent variables in two community colleges. As
previously reported, there was a significantly higher proportion of
mixed-handed males in the Bunker Hill Community College population than
was manifested at North Shore Community College. Table 5 compares the
two samples on all possible variations and combinations of the three
independent variables. One dramatic difference occurs in the incidence
of inverted handwriting posture (hookers). While the incidence of hook-
ing in left-handers was the same at both schools, with a more frequent
occurrence in males of approximately 15%, the percentage of mixed-
handedness hooking at Bunker Hill shows an increase of 30% for both men
and women when compared to their counterparts at North Shore.
The import of this observation, if any, awaits further research.
However, it would seem that hooking is more prevalent in non-dextral
males than in females, and more prevalent for both sexes in a population
with a higher percentage of minority racial representation. This is
particularly true for those with weak cerebral lateralization.
Hooking, handedness and program of study . The differences in
percentages of non-hooking and hooking non-dextral s electing the
different programs of study are small enough to be attributed to
sampling error. This analysis indicates that handwriting posture is not
a predictor of enrollment in Transfer, Business, Health, or Service
programs of study.
A similar examination of students in the Bunker Hill Community
College graphic arts programs reveals a curious pattern of hookers in
the over-represented non-dextral students. The over-representation is
34
confined to left-handed hookers and mixed-handed non-hookers (Table 18).
While this finding is highly significant (p=<.001), this is the first
study to employ a tripartate cerebral lateralization coupled with hand-
writing posture, and verification of this relationship will require
replication with a larger sample.
Hooking, handedness and academic placement test performance . Wh i 1 e
both male and female left-handed hookers obtain higher standard scores
than left-handed non-hookers on all three placement tests, the
differences are far larger between male comparisons (Tables 19 and 20).
In the mixed-handed category, female hookers score better than the
non-hookers on all three tests (R.C.,S.S., & L.R.); but in male scores
the reverse is true with the non-hookers showing superior performance on
two of the three tests (R.C. & L.R.).
The earlier multivariate analyses uncovered a significantly higher
female performance on the Sentence Structure test with no interaction
with handedness category. Inspection of the data in Tables 21 and 22
shows that when the variable of handwriting posture is added, this
conclusion should probably be modified. Male hookers of both left and
(jii xed-handedness were over-represented in the low performance category,
but the non-hookers were under-represented. A similar analysis of
hooking vs. non-hooking in the high performance category lends credence
to Levy's (1976) postulation of hookers as educational specialists
more
likely to score high or low on any given task.
The number of subjects in each non-dextral category is so small as
to make these observations very tentative, and like many of
the previous
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findings relative to handwriting posture, sorely in need of future
veri fication.
Hooking, handedness and learning style inventory scores . While there
is no correct learning style, the higher score on any style indicates a
willingness, and assumed facility, to process information in that
fashion.
The consistently higher performance of both male and female left-
handed hookers over left-handed non-hookers at Bunker Hill Community
College replicates the findings at North Shore Community College on the
placement tests (Tables 23 and 24). Again, the performances in the
mixed-handedness groups are less clear. Mixed male hookers score higher
on Relationships and Deduction, but lower on the remaining three styles.
Their female counterparts score much lower on Deduction, Magnitudes, and
Differences. Tables 23 and 24 further emphasize this phenomenon for the
four inductive learning styles. Both left-handed men and women have
observed frequencies in the high performance category which, without
exception, exceed expected values. In the sixteen comparisons, left-
handers are always over-represented in the high category (Table 25).
Hooking, handedness and combined test results . When viewed separately,
the comments on the possible role of hooking in affecting performance at
either Bunker Hill or North Shore Community Colleges could be dismissed
on grounds of sampling error and/or simply the product of an over
zealous post-hoc analysis.
However, when the results, expressed in comparable standard score
format, are compared across schools and sexes, the consistently higher
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performance of left-handed hookers seems much more likely to represent a
real difference. Table 27 summarizes these comparisons.
TABLE 27
COMBINED TEST PERFORMANCE FOR HANDEDNESS CATEOGRY AND
HANDWRITING POSTURE EXPRESSED IN AVERAGE
STANDARD SCORES
Handedness
Category
Handwriting
Posture
PI acement
No. Shore
Learni ng
Bunk. Hill
Average
Z Score
Male
Left Hooker .41 .09 .25
Left Non-Hook .04 -.19 -.08
Mixed Non-Hook .06 -.04 .01
Mi xed Hooker -.39 -.14 -.26
Female
Left Hooker .09 .34 .22
Left Non-Hook -.13 .11 -.01
Mi xed Non-Hook -.19 .09 -.05
Mixed Hooker .09 -.19 -.05
Not only are the left-handed hookers of both sexes clearly
superior to right-handers (Z=0), but to all other handedness/posture
combinations. This relationship was demonstrated in two different
populations which were tested on very different variables.
Implications and Cautions for Future Research
Handedness representation in student populations . If nothing else,
the
results of this study show the absolute need, when making
comparative
ii
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laterality studies, to block the data for sex and to treat handedness
minimally as at least a tripartate variable. Racial, and possibly other
demographic variables, should also be accounted for in conducting such
studies.
Had sex differences (which were not apparent in the Duke
University study) not been taken into account, the community college
data would have closely paralleled the handedness distribution found at
Duke University. The resultant failure to reject the null hypothesis
would have been in error, missing the highly significant difference that
occurred between male students.
Similarly, had handedness, as has been the case in the great
majority of the studies in this area, been treated as a dichotomous
variable (dextral or sinistral) the null hypothesis would have again
improperly failed to be rejected.
If the data had been collected solely from a community college
population whose racial mix assumedly closely approximated that found at
Duke University (North Shore Community College), no significant
differences would have been observed. The null hypothesis was rejected
only in a student population (Bunker Hill Community College) with a
considerably higher (11%) minority representation.
The results of this study show the differences only existed in the
disproportionate over-representation of mixed-handed males in a
community college population with a high minority representation. If
any of these three qualifiers had not been employed, the results would
have erroneously shown no differences. Since racial classification of
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respondents was not recorded in this study nor in the Duke University
study, the question as to whether or not the observed differences are
due to racial imbalance remains unanswered.
Handedness and program of study
. While this study fails to uncover any
significant differences in study programs among handedness categories,
the results are less than convincing. In making these analyses the re-
searcher was forced to ignore possible sex differences in both the tech-
nology and graphic arts programs in order to avoid expected body-count
values of less than one. The extremely small number of subjects in many
of the non-dextral
,
handedness, sex cells precluded meaningful analyses.
Prior to assuming that handedness is not a factor in program of
study choice, further research needs to be done on a student sample hav-
ing adequate numbers in all twelve possible categories of handedness
(3), sex (2), and handwriting posture (2).
Handedness and performance scores . The only significant differences
are the women's superior performance on the Sentence Structure test and
their higher score on "Differences" learning style. There is no
interaction with handedness category in either instance.
The unfortunate fact that the cell sizes in these analyses are
often much smaller (each community college administered different tests)
than the analyses on the program of study choice casts serious doubts on
any findings. Again, this part of the study needs replication before
any conclusions can be drawn with reasonable confidence.
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Handwriting posture. In addition to the unexplained wide discrepancies
manifested in the occurrence of inverted handwriting position (hooking)
in non-dextrals (Table 25), further differences occur between sexes
(males 48% vs. females 27%), schools (B.H.C.C. 44% vs. N.S.C.C. 28%),
and sex/handedness interaction (female/mixed 20% vs. male/mixed 51%).
While the pattern of hooking in non-dextrals is far from neat and
orderly, inverted handwriting position seems to be a factor in several
of the hypotheses tested.
Seventy-four percent of all students tested elected programs of
study in the transfer or business areas. Exactly the same percentage
held for dextral s and non-dextrals. But in the non-dextral group, 85%
of the hookers elected these programs while only 65% of the non-
hookers did so. Further, there is a highly significant interaction
between handedness/handwriting posture in males electing programs of
study in the area of graphic arts (Table 18).
The most dramatic differences on this variable area to be seen on
the performance scores for both the academic placement tests and
learning style inventories. Left-handed hookers in both college samples
of both sexes consistently outperformed all other handedness/handwriting
posture combinations. This observed superiority, while common to both
sexes, is greater in males. These data are summarized in Table 28.
TABLE
28
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In an attempt to evaluate Levy's (1976) hypothesis that the hook-
ing handwriting posture indicates ipsilateral cerebral hemispheric
language facility which will facilitate performance in some tasks while
lowering performance on others, analyses were made of both high and low
performances on eight dependent variables (Tables 21, 22, 25, and 26).
Significant differences were observed between the sexes with
right-handed women doing better on the Sentence Structure test and the
"Differences" learning style than right-handed males. These dif-
ferences, however, do not obtain in the non-dextral samples. On all
three academic placement tests the observed frequency of left-handed
hooking males is higher than the expected value in the high performance
group. This exception does not hold for the women, where the right-
handed are the only group to consistently exceed expected values in the
high performance category.
Levy's educational specialist hypothesis received some support in
the analysis of the low performance category, where it was also found
that the same group of left-handed, hooking males was over-represented
in two of the three same tests. The left-handed, hooking, male is the
only handedness/handwriting posture group for which this consistent
over-representation in both the high and low performance categories
holds true. These data are summarized in Table 29.
Again, emphasizing the cautions that should rightfully be foremost
when dealing with post-hoc analyses of small sample data, it is entirely
possible that for the dependent variables employed in this study.
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TABLE 29
FREQUENCY OF OVER-REPRESENTATION OF HANDEDNESS/HANDWRITING
POSTURE IN BOTH THE HIGH AND LOW CATEGORIES ON THE SAME
DEPENDENT VARIABLE. EDUCATIONAL SPECIALISTS.
Handedness
Handwri ting
Posture Sex # Dependent Variables
Left Hook Mai e 3 2, 3, 6
Mi xed Hook Mai e 2 2, 7
Left Hook Female 1 3
Left No Hook Female 1 5
Mixed No Hook Mai e 1 1
Mi xed No Hook Femal e 1 6
Left No Hook Mai e 0
Mi xed Hook Femal e 0
Right No Hook Mai e 0
Ri ght No Hook Female 0
Dependent Variables
1 = Reading Comprehension
2 = Sentence Structure
3 = Logical Relationships
4 = Differences
5 = Appraisal
6 = Magnitudes
7 = Relationships
8 = Deduction
hooking in a handedness/sex category may produce educational
specialists. Table 29 shows that this phenomenon occurs three times
with left-handed, hooking, males and twice for mixed, male, hookers.
In
all other categories it is non-existent or occurs only once.
Summary
There can be little question that differential cerebral
organi-
zation is a mitigating factor relevant to the acquiring and
processing
of information. The questions of just how, and to what extent.
k.
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education should respond to these differences are far from answered.
The present study raises far more questions calling for further
research, than it provides answers. It does, however, emphasize the
need for future research to use all of the variables of sex, handwriting
posture, and direction of laterality, and racial membership; and to
analyze their interations with sample sizes in all resulting cells which
will admit meaningful analyses. This is neither an unimportant nor
insignificant challenge.
A
BIBLIOGRAPHY
Akelaitis, A. J. A study of gnosis, praxis, and language following
section of the corpus callosum and anterior commisure. J.
Neurosurgery
, 19744,
_1_, 94-102.
Allison, R. B. The relationship between handedness in elementary school
children and reading skills, school achievement and perceptual
motor development. Dissert. Abst. 27, 5-A:1256.
Annett, M. A model of the inheritance of handedness and cerebral
dominance. Nature
, 1964, 204, 59-60.
Annett, M. The binomial distribution of right, mixed and left
handedness. Q. J. Exp. Psychol
.
,
1967, 327-333.
Annett, M. The classification of hand preference by association
analysis. Br. J. Psychol
.
,
1970, 303-332.
Annett, M. The distribution of manual symmetry. Br. J. Psychol., 1972,
343-358.
Annett, M. Handedness in families. Ann. Hum. Genet.
,
1973, 93-105.
Annett, M. Handedness in the children of two left-handed parents. Br.
J. Psychol.
,
1974, 6S, 129-131.
Annett, M. Handedness and the cerebral representation of speech. Ann.
Hum. Biol.
,
1976, 3, 317-328.
Annett, M. & Turner, A. Laterality and the growth of intellectual
abilities, Br. J. Educ. Psychol.
,
1974, 44, 37-44.
Bakan, P. Left-handedness and alcoholism. Perceptual and Motor Skills ,
1973, 107-116.
Bever, T. G. & Chiarello, R. J. Cerebral dominance in musicians and
non-musicians. Science
,
1974, 185;8
,
537-539.
Blanzy, J. J. "Cognitive Style as an Input to Mathematics Systems and
Exploratory Studies in the Educational Sciences." Unpublished
doctoral dissertation, Wayne State Univ., 1970.
Bloom, B. S. Learning for mastery. U.C.L.A. Evaluation Comment , May
1968.
94
95
Bogen, J. E. The other side of the brain-II: an appositional mind.
Bull
. L.A. Neurol , Sci
,
. 1969, 49-61.
Brenner, M. W. & Gillman, S. Visumotor ability in school children.
Devel . Med. Child Neurol
.
. 1966, 686-703.
Briggs, G. G. & Nebes, R. D. Patterns of hand preference in a student
population. Cortex
, 1975, U, 230-238.
Brunner
,
J. S, Toward a Theory of Instruction
. Harvard U. Pr.
,
Cambridge, Mass., 1966.
Bryden, M. P. Sexual differences in cerebral laterality. Percept. Mot.
Skills
, 1966, 1127.
Byrne, B. Handedness and musical ability. Br. J. Psychol., 1974, 65:2.
289-291.
Carlson, R, Where is the person in personality research? Psychol.
Bull
.
,
1971, 75, 203-219.
Clark, M. M. Reading Difficulties in Schools. Harmondsworth : Penguin.
1970.
Cullen, M. "An Investigation into the Cognitive Styles of Community
College Students and the Effects of Instrumental Treatment on
their Mathematics Achievement" Unpublished doctoral disseration,
U. of Mass.
,
1980.
Dehnke, R. E. "An Exploration of the Possible Isomorphism of Cognitive
Style and Successful Teaching of Secondary School English."
Unpublished doctoral dissertation, Wayne State Univ., 1966.
Diamond, S. J. Cerebral dominance or lateral preference in motor
control. Acta Psychol ogi ca
,
1970, 196-198.
Diamond, S. J. & Beaumont, J. G. Hemisphere Function in the Human
Brain
,
eds. Wiley Halstead, New York, N.Y., 1974
Flincher, J. Sinister People: The Looking Glass World of the
Left-Hander
,
G. P. Putnam, 1977.
Flemminger, J. J., Dalton, R. & Standage, K. F. Handedness in psychi-
atric patients, Brit. J. Psychiat. , 1977, 131 , 448-452.
Flor-Henry, P. Increased incidence of sinistrality in the bipolar
affective psychoses: etiological implications. The Sinistral
Mind, Symposium by the Univ. of Calif., Berkeley, and The
Insti tute for the Study of Human Knowledge, San Francisco, March
1971.
%Fragale, M. J. "A Pilot Study of Cognitive Styles of Selected Faculty
Members and Students in a Communtiy College Setting." Unpublished
doctoral dissertation, Wayne State Univ., 1969.
Gilbert, C. Strength of left-handedness and facial recognition ability.
Cortex
, 1973, Jan., 145-151.
Gordon, H. Left-handedness and mirror writing, especially among
defective children. Brain
,
1921, 313-368.
Gross, L. H. "A Study of the Effects of the Degree of Student-Faculty
Cognitive Style Match on Student Grades and Attitudes in a
Lecture-Discussion English Composition Course." Unpublished major
research project. Nova Univ., 1976.
Hardyck, L. "Individual differences in Hemispheric Functioning."
Studies in Neurolinguistics
,
Vol . 3, H. Whitaker & Whitaker eds..
Academic Press, New York, NY, 1977.
Hermelin, B. & O'Connor, N. Right and left-handed reading of braille.
Nature
, 1971, 470.
Hicks, R. A. & Pellegrini, R. J. Handedness and anxiety. Cortex, 1978,
U, 119-121.
Hill, J. E. The Educational Sciences . Oakland Community College Press,
Bloomfield Hills, Mich., 1972.
Hill, J. E. & Nunney, D. N. Personalizing Educational Programs Using
Cognitive Style Mapping . Oakland Community College Press,
Bloomfield Hills, Mich., 1971.
Hoogasian, V. "An Examination of Cognitive Style Profiles as Indicators
of Performance Associated with a Selected Discipline."
Unpublished doctoral dissertation, Wayne State Univ., 1970.
Hundt, D. E. "A Conceptual Level Matching Model for Coordinating
Learner Characteristics with Educational Approaches."
Interchange
,
Vol. 1, No. 2, 1970.
Hundt, D. E. "From Psychological Theory to Educational Practice;
Implementation of a Matching Model." Paper presented to the
American Educational Research Association's Annual Meeting, April
1972.
Kimura, D. & Vanderwolf, C. H. The relaton between hand preference and
the performance of individual finger movements by left and right
hands. Brain, 1970, 93, 83-87.
97
Kogan, N. "Educational Implications of Cognitive Styl es Lesser,
Gerald, ed. Psychology and Educational Practice
. Scott, Foresman
,
Glenview, II I
. ,
iy/i. —
Kolb, D. A. Learning Style Inventory - Technical Manua l. McBer & Co.
Boston, Mass., 1978.
~~
Krashen, S. D, Formal and informal cognitive environments in language
acquisition and language learning. TESOL Quarterly, 1976, 10,
Lange, C, M. "A Study of the Effects on Learning of Matching the
Cognitve Styles of Students and Instructors in Nursng Education."
Unpublished doctoral dissertation, Mich. State Univ., 1972.
Lauria, A, R. Traumatic aphasia: its syndromes, psychopathology, and
treatment. Moscow Academy of Sciences . Moscow, U.S.S.R., 1947.
Levy, J. Possible basis for the evolution of lateral specialization
of the human brain. Nature . 1969, 224
,
614-615.
Levy, J. in The Biology of Behavior
,
J. Kiger ed. Oregon Univ. Pr.
,
Corvallis, Ore., 158-180, 1972.
Levy, J. Psychobiological implications of bilateral asymmetry.
Hemispheric Function in the Human Brain
,
S. Dimond & J. G.
Beaumont eds. P. E!lek, Ltd., London, England, 1974.
Levy, Jr. Personal correspondence with J. Fincher as reported in
Sinister People: The Looking Glass World of the Left-Hander,
(i. P. Putnam, 1977.
Levy, J. & Reid, M. Variations in writing posture and cerebral
organization. Science
,
1976, 194
,
337-339.
Lewis, B. Commentary: Avoidance of Aptitude-Treatment Trivialities.
S. Messick & Assoc, eds. Individuality in Learning . Jossey-Bass
Inc., San Francisco, Calif., 1976.
Maccoby, E. & Jacklin, C. N. The Psychology of Sex Differences .
Stanford U. Pr., 1974.
Miller, E. Handedness and the pattern of human ability. Br. J.
Psychol
.
1971, (1), 117-122.
Morley, M. E. The Development and Disorders of Speech in Childhood .
Edinburgh, Livingston, 1972.
Naidoo, S. Specific Dyslexia . Pitman, London, England, 1972.
98
Newcombe, F. & Ratcliff, G. Handedness, speech lateralization and
ability. Neuropsychologia
. 1973, U. 399-407.
Oldfield, R. C. Handedness in musicians. Br. J. Psychol.. 1969 60
91-99. ^ ’ —
’
Peterson, J. M. & Lansky, L. M. Left-handedness among architects: some
facts and speculation. Perceptual and Motor Skills. 1974 3fi
547-550. —
Peterson, J. M. & Lansky, L. M. Left-handedness among architects:
partial replication and some new data. Perceptual and Motor
Skills
. 1977, 1216-1218.
Pizzamiglio, L. Handedness, ear-preference, and field dependence.
Perceptual and Motor Skills . 1974, 700-702.
Reed, G. F
. & Smith, A. C. A further experimental investigation of the
relative speeds of left and right-handed writers. J. Genet.
Psychol
.
1962, 275-288.
Remington, R. Krashen, S. & Harshman, R. paper presented at the 86th
annual meeting of the Acoustical Society of America, Los Angeles,
20-23 Sept. 1973.
Rogers, L., tenHouten, W., Kaplan, C. D. & Gardiner, M. Hemispheric
specialization of language: an EEG study of bilingual Hopi
Indian children. Intern. J. Neuroscience . 1977, 1-6.
Rouche, S. D. Cognitiion and context: concerns for the culturally
different student. Community College Review . 1979,
_7» 16-25.
Schwartz, G. E.
,
Davidson, R. J. & Pugash, E. Voluntary control of
patterns of EEG parietal asymmetry: cognitive concomitants.
Psychophysiology . 1976, _n, (6), 498-504.
Shelton, C. R. Do left-handed doctors really have more fun?
Michigan Medicine . 1976, July, 392.
Shuert, K. L. "A Study to Determine Whether a Selected Type of
Cognitive Style Predisposes One to Do Well in Mathematics."
Unpublished doctoral dissertation, Wayne State Univ., 1970.
Sperry, R. Hemispheric deconnection and unity in conscious awareness.
Amer. Psychol. 1968, 723-733.
Sperry, R. Lateral specialization of cerebral function in the
surgically separated hemispheres. The Psychology of Thinking .
Academic Press, New York, N.Y., 1973T
99
Sperry, R. Bridging science and values: a unifying view of mind and
brain. Amer. Psychol. 1977, (4), 237-245.
Stevens, W. E. Reading readiness and eye hand preference patterns in
first grade children. Except. Children. 1967. 33_, 481-488.
tenHouten, W.
,
Thompson, A. L., & Walter, D. 0. Discriminating social
groups by performance on two lateralized tests. Bull. L.A.
Neurol. Soc. 1977, 99-108.
Thompson, A. L. & Bogen, J. E. More on the question of cultural
hemisphericity. Bull . L.A. Neurol . Soc. 1977, 42, 93-98.
Wada, J. A., Clark, R. & Hamm, A. Anatomical asymmetry in the adult
brain. Arch. Neurol. 1975, 2^, 239, Chicago, 111.
Warner, J. L. "An Analysis of the Cognitive Styles of Community
College Freshmen Enrolled in the Life Science Course,"
Unpublished doctoral dissertation, Wayne State Univ., 1970.
Wi tel son, S. F. Sex and the single hemisphere: specialization of the
right hemisphere for spacial processing. Science. 1976, July,
193:425.
Witkin, H. A. Cognitive styles in the educational setting. NYU Educ.
Quar. 1977, 8, 3, 14-20.
Witkin, H. A. & Moore, C. A. Cognitive Style and the Teaching-Learning
Process . 1974, Paper presented at the annual meeting of the
American Educational Research Assoc., Chicago, 111.
APPE NDICES
100
APPENDIX A
LATERALITY ASSESSMENT QUESTIONNAIRE
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Name Sex Age
Indicate hand preference:
Always
left
Usually
left
No pre-
ference
Usually
right
Alwa>
rigt
1. To write a letter leeibly
2. To tnrow a ball to hit a tareet
3. To play a game requiring the
use of a racquet
4 . At the top of a broom to sweep
dust from the floor
o. At the top of a shovel to
move sand
6 . To hold a match when striking
i T
7. To hold scissors to cut paper
B. To hold thread to guide
through the eve of a needle
9. To deal playing cards
10. To hammer a nail into wood
11. To hold a toothbrush while
cleaning teeth
12. To unscrew the lid of a .iar
When writing circle the picture which best depicts your hand posture
right
What is your intended program of study or major 7
APPENDIX B
SAMPLE LEARNING STYLE
INVENTORY QUESTIONS
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s.-j:?!! iZARiniiG S7YLZ ::r/z::TCF.Y c.l’estidns.
1. I 'onderstand a topic better if I analyze it to learn how it differs frorr.
other topics
.
lA
-
__________
f-oid nyself in the position of having to naAe a decision
before I know enoxigh about the situation.
2A
2. life can be siapler if you go by the rules.
3A
4
. Problem-aolving involves related variables.
!*A
5. I enjoy games or puzzles in which the solution is deduced from information
contained in the rules.
5A
6. In my. choice of clothing, I wear contrasting colors.
13
T. '.vhen I attack a problem, I approach it from as many aspects as possible.
2H
5. I don't change my mind on a subject once I identify the rule which applies.
33
?. I ZTj to understand why people break rules.
iB
12. I find it easier to win an argument when I state the premise and give a
conclusion which is inescapable: 'Blank is true, therefore. Blank must oe
true '
.
33
i2.. I "olay the devil's advocate" with people to force them to look at another
point of view.
12. One cannot annreciate a problem unless he knows as much about it as posSiO.
!
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2C
1'3. I prefer woricing in situations where standards and rules are stated
e X p 1 i c i 1 1 y .
3C
14. I like to figure out the way parts of a whole fit together.
4C
15. I avoid probability statements in solving problems.
5C
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Read each statement and decide whether your answer is RARELY. SOMETIMES
or USUALLY true for you.
Note that following each statement is a number/letter combination. On
the answer sheet below, locate the number and write the letter in the
appropriate box.
You may have more than one letter in each box as you work through the
inventory, but each letter A, B, C, will appear only once on each line.
Your ansers may appear as is shown in the table below:
RARELY SOMETIMES USUALLY
1. A
I
1
B C
2. C A B
3. ABC
ANSWER SHEET
RARELY SOMETIMES USUALLY


